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Summary 
The 1970's marked a new transitional phase in the growth process of 
the Egyptian economy. This transition was the result of two factors: 
one of them was the liberalization policy announced in the mid 
1970's; and the other more significant and influential factor, was 
the emergence of a strong well managed energy sector with excess 
export capacity, providing a steady stream of revenue for the 
government. As a function of OPEC's success in 1973, Egypt received 
a much higher price than previously for its petroleum, and its 
bargaining position with both the international oil industry and 
importing nations improved significantly. 
However, this created an awareness of two potential problems. The 
first was that although oil revenues are important and help to 
achieve more freedom of action in Egypt's economic policy, they also 
create new problems of adaptation and transition, inflationary 
pressures, and the substitution of other income rather than improving 
the general economic performance. The second is that this booming 
era of the sector has reached a plateau and is unlikely to expand 
much further with the highly subsidized domestic energy prices which 
encourage increasing energy consumption, and the uncertainty 
regarding potential oil reserves and production possibilities. 
These two problems are crucial for energy planning, and draw 
attention to the importance of developing an integrated approach to 
energy sector planning within the overall national economy. 
Undoubtedly the economic effects of, the. energy sector: on the Egyptian 
economy are vital. Its revenue affects the exports of manufactured 
output, the balance of payments, investment, and the growth of 
national income. Therfore, it is important to measure the impact of 
the sector on all these variables simultaneously. 
This thesis, through using an energy planning model to provide a 
simplified conceptual framework of the real energy economy 
inter-action in Egypt, provides an empirical investigation of the 
interaction between the energy sector and the Egyptian economy, 
assuming a two-way causation running from the economy to the energy 
sector, as well as from the sector to the economy through the excess 
revenue injected into the macroeconomic system. 
A system of models has been developed to represent the national 
energy-economy comprising three blocks of econometric models, macro- 
economy, energy demand and energy supply, beside , an 
integrated 
simulation model, where the three sub-modules are used in conjunction 
with each other under specific growth rate assumptions for certain 
policy variables to generate future forecasts of energy demand and 
supply with their expected impacts on some major - economic 
indicators. In other words, the planning involved changes in the 
magnitudes of the decision variables leaving the system to respond in 
order to determine the effects of certain strategies. 
The simulation results pointed clearly to the distortions existing in 
the Egyptian energy market due to excessive subsidies which cause 
domestic energy prices to diverge substantially from the true 
economic opportunity costs. An adjustment for domestic energy prices 
was assumed in the simulation runs together with other energy and 
economic assumptions to generate alternative energy plans for the 
year 1987. The general conclusion drawn from all the results was 
that effective planning for the energy sector has to be within 
general economic planning and requires a price restructuring to 
maintain effective energy demand and energy supply management. 
However, the results pointed to the inappropriateness of a sudden 
significant increase in domestic energy prices to approach world 
prices, and the impact that such a policy would have on energy 
consumption levels and therefore on the economic growth rate. A 
moderate increase in domestic prices was recommended to achieve an 
energy consumption level which guarantees continuous economic growth 
at desired rates, and to generate the oil and electricity supplies 
required for economic development and export purposes. 
Although the need for a price restructuring proved to be pressing for 
effective energy planning, the severe income disparities and social 
considerations still have to be taken into account in determining the 
magnitude of the energy price changes, and any final decision has to 
be based on the objectives and priorities in Egypt's social and 
economic policies. 
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CHAPTER 1 
INTRODUCTION: ENERGY ISSUES IN DEVELOPING COUNTRIES 
1.1 Introduction: 
The first oil crisis of 1973-1974, and its consequences on economic 
and social fields, drew attention to energy issues and made it one of 
the foremost political issues and sources of public concern through- 
out the world. Although there were earlier signs, it was the Arab 
oil embargo, together with the four-fold increase of oil prices, that 
brought the energy problem into the public eye. 
The crisis of the 1970s directed more attention to energy with oil 
regarded as a cheap, plentiful natural resource until the turn of the 
century, and nuclear energy thereafter. The theory of energy's role 
in economic development and growth was not recognized until 
recently. In classical economic theories of growth, energy was not 
even mentioned as one of the inputs to production, the basic factors 
of production being identified as labour, land and capital, with raw 
materials later treated as an extension of the concept of land. 
After the oil embargo of 1973, the threat of fossil-fuel shortage 
obtained more general recognition and left substantial consequences 
on economic development and international policies. This brings 
about the questions: "What is so special about energy resources? Why 
all this worldwide concern about energy and not any other natural 
exhaustible resources? Energy is simply defined as the capacity of 
doing work. It is the fundamental resource which provides the 
ability to transform, transport and manufacture goods. Therefore, 
any sudden change in its market has serious implications for all 
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facets of life, and, in particular, has immediate, undesirable 
effects on all oil-importing nations causing a direct loss in their 
national income. That is exactly what happened in the 1970's. The 
sharp price rise was not gradual over a period of time to allow for 
adjustment. It was` sudden and immediate and therefore created 
inflation, placed further strains on the international monetary 
system and sharply contracted the demand for goods and services which 
in turn reduced national income. 
On an individual base, the industrialised countries which had already 
established their growth and industrial leadership position in the 
era of plentiful, cheap energy were, to some extent, able to cope. 
An increase in energy prices, or a shortage in its availability, 
should not have a significant effect on their long-run growth. 
Energy consumption per capita in most developed countries exceeds 
five tonnes of coal equivalent on average per year. Much of this 
consumption is either used inefficiently or wasted in uses that do 
not significantly enhance or affect people's well-being or quality of 
life. In addition, the energy sector in these countries represents a 
small component of the total economy, and the substitution 
possibilities for other inputs, such as capital and labour, is 
there. This besides the availability, of capital requirements 
necessary to develop, transport and utilise alternative forms of 
energy. 
As for developing countries, the energy problem is far more severe. 
Many developing countries are passing into the energy intensive phase 
which the developed countries experienced during their rapid 
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industrialization and urban growth, and therefore their energy 
consumption is increasing more rapidly. This means that any reduc- 
tion in their energy consumption will lead to a reduction in their 
economic growth. Energy consumption in most developing countries is 
barely a quarter of a tonne of coal equivalent per capita on an 
annual base*. Most of the energy used in these countries is not for 
leisure purposes as private driving, air-conditioning or heating, 
owing to the far lower living standards or mild climates. Moreover, 
any given reduction in overall growth rates falls more heavily on 
developing countries because higher population growth absorbs a large 
fraction of the total, leaving less for improvements in per capita 
incomes and living standards. In addition, only the few largest and 
most technologically advanced developing nations are capable of major 
energy research and development programmes of their own and will 
continue for some time to rely heavily on crude oil. Therefore, the 
way the developing countries respond to the changing energy realities 
will affect their prospects for continued economic growth and social 
and political stability. 
While the energy problem for the developed nations is a problem 
* This per capita consumption is measured on the basis of commer- 
cial energy only. Extreme values of this measure range from 10 
Kg. of coal equivalent per capital annually in Nepal to more 
than 18,000 Kg. in Qatar. Table (1.1) displays the development 
of per capita energy consumption in developed and developing 
countries from 1950-1980. 
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Table (1.1) 
Per Capita Consumption of Commercial Energy 
(in kilograms) 
Developed Developing 
Year Economies Economies 
1950 3168 112 
1955 3537 154 
1960 3843 195 
1965 4569 240 
1970 5708 301 
1971 5772 317 
1972 6009 334 
1973 6177 357 
1974 5997 367 
1975 5823 377 
1976 6106 395 
1977 6098 413 
1978 6145 434 
1979 6329 448 
1980 6035 459 
Source: U. N. World Energy Statistics. 1980. 
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of adjustment, for most developing nations it is a problem- of 
survival. S. Simil and W. Knowland (1) used an interesting analogue 
to explain the same idea, i. e. the different nature of the energy 
problem for the two groups. For the developed industrialised 
countries, the problem is just the conversion to a linear, but 
adequate, and certainly healthier, energy diet. But for the 
developing countries, the problem is how to cope with a situation of 
debilitatingly inadequate nutrition, virtually a condition of energy 
starvation. 
In fact, any effort to accommodate the energy problems of developing 
countries has to begin with understanding what the situation really 
is. The developing countries constitute an increasingly important 
component of the global energy scene. With three-quarters of the 
world population, they account for more than 55% of world oil 
production, 10%-15% of the world total energy consumption and 18% of 
crude oil consumption. 
Although their energy consumption shares are quite small now, they 
are anticipated to grow at a much faster rate than those of the rest 
of the world. Their consumption of commercial energy is projected to 
rise more than 80 percent in the 1980s compared to a GNP growth of 
about 70%. Several factors are behind this expectation (2): (a) 
Industrialization and urbanization are likely to increase the share 
of energy-intensive industries; (b) developing countries are still in 
the development stage and are therefore expected to maintain a higher 
economic growth rate; (c) higher income levels will enhance the use 
of various energy consuming amenities (automobiles, electric 
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appliances, etc. ), and (d) penetration of commercial energy in rural 
areas as a substitute for non-commercial energy. 
The fact that the availability of capital and foreign exchange for 
essential imports, including energy, is the tightest constraint on 
their short-term growth rates, magnifying their problem and indicat- 
ing that if current consumption patterns were to continue, their 
future oil demand would increase sharply reaching perhaps 25% of 
world demand by 1990 and 40% by the year 2000. Developing countries 
are now at the lower end of industrialization and to support their 
economic growth, their energy consumption has increased. The close 
relationship between the levels of energy consumption and economic 
and social development in this group of countries makes it difficult 
to moderate growth in energy demand without adversely affecting the 
achievement of economic and social goals. 
In such a context, the developing countries are heterogenous. Every 
country faces a unique set of conditions, including its level of 
income and degree of industrializaiton, its energy resources, the 
relative importance of commercial and traditional fuels, its degree 
of dependence on oil imports and other factors, which tends to make 
the nature of the energy problem of each country different. 
The developing countries are normally divided into two main groups. 
The first group is the oil exporting countries, members of the 
Organization of Petroleumn Exporting Countries (OPEC) where the 
problem is (a) how to use their available natural resource in a way 
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so as to guarantee the continuation of its contribution to their 
development and growth, and (b) ensure their control over the 
international market of this unique natural resource. 
The second group comprises the non-OPEC developing countries sub- 
divided into low, middle and high income countries. Within this 
group the problem is different, and is mainly concerned with the 
question of how to maintain the basic energy needs to continue growth 
with limited financial resources*. 
A much more realistic classification for the non-OPEC developing 
countries, especially from the energy aspect, is the classification 
which considers them in two groups**. (a) Net oil exporters, where 
the problem is similar to that of OPEC but on a much more limited 
scale of how to use their limited natural resource optimally and 
rationalise domestic consumption to free oil for exportation purposes 
and compete in the international oil market; and (b) net oil import- 
ers with the problem of how to guarantee these requirements in an 
energy market with unmanageable prices and uncertain supplies. Table 
(1.3) is an example of the classificaiton of developing countries 
* Table (1.2) is an example of the classification of this group, 
where Egypt is placed in the lower middle income countries. 
** Some reports (3) add an energy-balanced group where energy pro- 
duction more or less balances domestic needs, so that they may be 
either minor importers or exporters depending on internal changes 
in supply and demand. 
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Table (1.2) 
Classification of Non-OPEC Developing Countries 
I. Low Income Countries 
Rwanda 
Burundi 
Ethiopia 
Somalia 
Malawi 
Zaire 
Tanzania 
Lesotho 
Madagascar 
Kenya 
Uganda 
Comoro Islands 
Mali 
Upper Volta 
Chad 
Guinea 
Niger 
Benin 
Gambia 
II. Lower Middle 
Sierra Leone 
Central Afr. Rep. 
Yemen Arab Rep. 
Yemen P. D. R. 
Cambodia 
Laos 
Bhutan 
Sikkim 
Bangladesh 
Burma 
Maldive Is. 
Nepal 
Afghanistan 
Pakistan 
India 
Timor 
Sri Lanka 
Viet-Nam 
Haiti 
Income Countries 
Sudan Egypt* 
Mozambique Jordan 
Botswana Morocco 
Swaziland Macao 
Seychelles Thailand 
Cameroon Philippines 
Togo Bolivia 
Mauritania Honduras 
Equatorial Guinea Grenada 
Senegal St. Vincent 
Liberia Dominica 
Guinea-Bissau El Salvador 
Ghana Western Samoa 
Congo, P. R. British Solomon Islands 
Ivory Coast Tonga 
Cape Verde 'Papua New Guinea 
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III. Intermediate Middle Income Countries 
Rhodesia 
Zambia 
Mauritius 
Angola 
Namibia 
Sao Tome Principe 
Ceuta and Melilla 
Syria 
Tunisia 
Korea 
Malaysia 
China, Rep. of 
Colombia 
Guyana.., 
Paraguay 
Chile 
Peru 
Brazil 
St. Kitts-Nevis 
St. Lucia 
Antigua 
Guatemala 
Dominican Rep. 
Nicaragua 
Belize 
Costa Rica 
Panama 
Turkey 
New Hebrides 
Trust Territory of 
Pacific Islands 
Gilbert & Ellice Is. 
Fiji 
IV. Upper Middle Income Countries 
Reunion Mexico 
Afars and Isaas Barbados 
Lebanon Jamaica 
Oman Guadeloupe 
Bahrain Neth. Antilles 
Hong Kong Martinique 
Surinam Trinidad & Tobago 
Uruguay Cyprus 
French Guiana Malta 
Argentina Yugoslavia 
Source: (9) 
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applying both criteria*. 
It looks then, that what is meant by the energy problem for the OPEC 
and non-OPEC developing countries is substantially different. For 
simplicity and homogeniety, the analysis is limited to the aspects of 
the energy problem for the non-OPEC developing countries, because the 
energy problem for OPEC requires special analysis regarding their 
absorptive capacity, recycling of the surplus oil revenue, production 
strategies and many other national and internaional aspects which 
need detailed analysis and are far beyond the limits of this study. 
After the attainment of independence, developing countries were 
taking their first step towards development when the energy crisis of 
the 1970s occurred posing serious problems. The dilemma persisted 
fundamentally because their limited financial resources were already 
unable to meet their pressing needs, including the massive amount of 
foreign exchange needed for the energy imports bill, as well as to 
import food and manufactured goods and to invest in the exploration 
and development of their own energy sources whenever available. 
In fact, the non-OPEC developing countries (NODC) have been facing 
these problems for a long time, but their severity was intensified by 
the emergence of the energy crisis which created a sudden hike in oil 
prices after a long period of stable low prices and abundant 
* Egypt appears in this classification as a middle income net 
oil-exporting country. 
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Region 
AFRICA 
Table (1.3) 
Classification of Developing Countries by Region, 
Income Group and Net Trade in Oil* 
Net Oil-Exporting 
Countries 
Low Middle 
Income Income 
Net Oil-Exporting 
Countries 
Low 
Income 
Middle 
Income 
Zaire Congo Benin Botswana 
Nigeria Burundi Cameroon 
Central Af. Rep. Ivory Coast 
Chad Ghana 
Comoros Liberia 
Equatorial Guinea Mauritius 
Ethiopia Sao Tome & Principe 
Gambia Swaziland 
, 
Guinea Zambia 
Guinea Bissau Kenya 
Lesotho 
Madagascar 
Mali 
Malawi 
Mauritania 
Niger 
Rwanda 
Senegal 
Sierra Leone 
Somalia 
Sudan 
Tanzania 
Togo 
Uganda 
Upper Volta 
/continued 
* Excludes China, on which the necessary data are not yet available, and 
the capital surplus exporting countries. Net trade in oil based on 
1978 data. 
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Table (1.3) 
(continued) 
Classification of Developing Countries by Region, 
Income Group and Net Trade in Oil 
Net Oil-Exporting Net Oil-Exporting 
Countries Countries 
Low Middle Low Middle 
Region Income Income Income Income 
ASIA & Burma Malaysia Afghanistan Fiji 
PACIFIC Indonesia Bangladesh Korea, R. 
India Papua New Guinea 
Lao PDR Philippines 
Maldives Solomon Islands 
Nepal Thailand 
Pakistan Western Samoa 
Sri Lanka 
Viet Nam 
EUROPE, MIDDLE Algeria Cyprus 
EAST AND NORTH Egypt Jordan 
AFRICA Oman Lebanon 
Syria Morocco 
Tunisia Portugal 
Romania 
Turkey 
Yemen, AR 
Yemen, PDR 
Yugoslavia 
LATIN AMERICA Bolivia Haiti Argentina 
AND CARIBBEAN Ecuador Bahamas 
Mexico Barbados 
Peru Brazil 
Trinidad Chile 
and Tobago Colombia 
Costa Rica 
Dominican Republic 
El Salvador 
Grenada 
Guatemala 
Guyana 
Honduras 
Jamaica 
Nicaragua 
Panama 
Paraguay 
Uruguay 
Source: (3) 
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supplies. 
After the price shock, and up to a point, NODC were able to adjust 
better than industrialised countries. Their economies being not yet 
so energy-intensive and therefore less committed to a capital stock 
and life style evolved in an era of cheap energy had greater flexi- 
bility in substituting labour or traditional fuels for expensive 
commercial energy. 
In response to the first price increase in 1973, economic growth 
rates of industrial countries fell from 5% to 2.8% between 1973-1979 
while the rate of growth in developing countries declined only from 
6% to 5.1% within the same period as indicated in Table (1.4). 
1960-1973 
1973-1979 
1980 
1981 
1982 
1982-1984 
GDP ($. b. ) 1980 
Table (1.4) 
Growth of GDP, 1960-1982 
Developing 
6.0 
5.1 
3.0 
2.0 
1.9 
4.4 
2,231 
Industrialized 
5.0 
2.8 
1.3 
1.0 
-0.2 
3.0 
7,395 
Source: (5) 
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This is a general view. The precise evaluations of the effect of-the 
energy crisis on developing countries, particularly non-OPEC, has to 
be on an individual base, according to each group's position on the 
scale of development and energy trade. 
For the non-OPEC net oil exporters, the oil, price increase 
undoubtedly raised their revenues and enlarged their effective oil 
reserves by making previously inaccessible fields commercially 
viable. That does not mean that the energy crisis for them was 
problem-free. Although these countries have the capability of 
exporting their oil now, their resources are limited compared to the 
abundant OPEC resources and so they have less prospect of continuing 
their oil exports for long. 
Another important economic problem which arises with the sudden 
injection of oil revenues into the economy is the dependance on this 
revenues in planning future growth and development, assuming its con- 
tinuous existance. Though oil exports lessen the balance of payments 
constraint to an extent, it has to be used efficiently to maximise 
export earnings, to extend the reserves' productive life and most 
importantly in developing other stable economic aspects in the 
economy which can lead to future development, such as-the development 
of the industrial and agricultural sectors or in developing alterna- 
tive energies. In other words, the challenge for these countries is 
how to use the oil revenues in-. building an infrastructure capable of 
leading to future growth. 
The net oil-importers vary widely in terms of population size, degree 
of development, availability of indigenous energy resources, and the 
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existance of exportable commodities to pay for imported oil. In 
fact, these factors determine the magnitude of the crisis impacts on 
this group. Generally, the crisis put these countries in a position 
where they were immediately confronted with difficult choices: (i) 
Either to continue borrowing funds to pay for the oil they need in 
spite of reaching their credit limits, and therefore increasingtheir 
indebtedness to foreign banks and other foreign investors; (ii) or to 
sacrifice their economic growth and face a hidden development crisis 
by restricting imports of the essential capital goods and raw 
materials needed for further economic growth. Table (1.5) reflects 
the growth of deficits in oil-importing developing countries where 
the increasing percentage of the deficit appears clearly after 1973, 
especially for the low-income group. 
This multifaceted problem was even exacerbated by the simultaneous 
decline in the industrial countries' ability to purchase the raw 
materials that are generally the primary, if not the sole, source of 
foreign exchange' for most developing nations. The developing 
countries' exports were directly affected by growth in the industrial 
countries. For this group the problem is how to lower the dependence 
on imported oil and develop exports which can pay for imported oil, 
such as minerals, forestry products, agricultural products, tourism 
or manufactures. 
Andrew Mackillop (4) presented another, facet of the impact of the 
energy crisis on developing countries by explaining the oil-linked 
buoyancy in NODC commodity export prices. He argued that the prices 
of non-oil commodities have been affected too by the sudden jump in 
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Table (1.5) 
Current Account Deficits* of Oil Importing Developing Countries 
1970-1984 
1970 1973 1975 1978 1980 1984 
Billions of $ current prices 
Low income 1.2 2.3 5.4 5.7 10.0 18.6 
Middle income 7.1 4.4 34.2 21., 4 51.0 59.7 
Total 8.3 6.7 39.6 27.1 61.0 78.4 
As percentage of GNP 
Low income 1.6 2.2 3.8 2.7 3.6 3.8 
Middle income 2.5 0.9 5.3 2.2 4.0 2.6 
Total 2.3 1.1 5.1 2.3 3.9 2.8 
Source: (2) 
oil prices to the extent of changing the terms of trade to the 
advantage of NODC exporters of raw materials. The increase in oil 
prices created an upward surge in non-oil commodity prices. NODC's 
commodity exports prices, excluding oil, had not risen more than 10 
points between 1966 and 1972, while the food exporting index rose to 
over 300 points between 1973 and 1978 and to more than 225 in 
agro-commodities and around 175 in minerals during the same period. 
In other words, some developing countries with varient export 
commodities actually experienced a net fall in oil prices as well as 
the offsetting effect of OPEC's aid to most developing countries. 
* Excludes official transfers. 
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In fact this view is true to some extent, but does not stand as an 
absolute case. As previously mentioned, the increase in oil prices 
with its accompanying inflation and recession in the developed 
nations, impairs their volume of imports from developing countries. 
On the other hand, the inflationary effect covers most industrial 
commodities' prices too and therefore raises the imports commodity 
bill for developing countries. Additionally, the fact that OPEC aid 
is normally governed by many political factors does not make its 
continuation or stability guaranteed. 
1.2 Energy and Economic Growth: 
The previous discussion of the energy problem's aspects in NODC 
pointed to the fact that, in general terms, NODC faces the same 
problem, namely how to guarantee a continuous economic growth, i. e. 
how to satisfy the demand for energy and realise a high rate of econ- 
omic growth. The difference previously referred to, is a difference 
in the form of the problem. For the exporters' NODC, economic growth 
is achieved through more oil export earnings used in pushing the 
country's development, while for importers' NODC, the problem is 
still their economic growth, but realised through less oil imports 
and more non-oil exports. 
Generally speaking, economic growth leads, to increased energy 
consumption per unit of output. During early stages of development, 
energy consumption grows even faster than economic output followed by 
a period of gradual reduction in the growth of energy consumed rel- 
ative to economic activities. Most of the NODC are still in the 
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early stages of development and hence have a high energy consumption 
growth rate. The development in the economicstructure of the NODC in 
the form of urbanisation, industrial growth and modernisation in 
almost all economic sectors enhanced energy consumption and 
increased, in turn, the burden on these countries in maintaining 
their prospective growth. 
Developing countries' primary energy consumption in 1974 constituted 
approximately 9.4% of total energy consumption. With the continuous 
tendency of these countries towards industrialization their share is 
expected to rise even faster than that of the industrialized 
nations. In 1980, world commercial energy consumption was almost 
8,548 million metric tonnes of coal equivalent; 12% of it was used by 
the developing countries which constitute 75% of the world's 
population. This share is expected to reach 30% in the year 2000 
(5). From a comparison of energy demand trends, both before and 
after the energy crisis, it seems that it was more difficult for 
developing than for developed countries to reduce the growth rate of 
their energy consumption as shown in table (1.6). This was mainly 
because many of these countries were still in the early development 
process and developing from agrarian to industrial economies. So the 
desire for fast growth and. industrialization is the active force 
behind the continuous increase in energy demand for these developing 
countries and if continued in the same pattern will establish a 
stable base for a permanent existence of their energy problems. 
The traditional approach to development emphasises the rapid growth 
of the industrial infrastructure based on capital-intensive methods 
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Table (1.6) 
Developing and Developed Countries' Consumption 
of Commercial Energy 
(Million metric tonnes) 
Developing Developed 
Year Countries Countries 
1960 286 2609 
1961 305 2673 
1962 325 2817 
1963 343 2980 
1964 366 3121 
1965 389 3274 
1966 420 3450 
1967 443 3563 
1968 487 3800 
1969 523 4066 
1970 578 4312 
1971 618 4439 
1972 659 4631 
1973 713 4885 
1974 752 4794 
1975 756 4593 
1976 822 4882 
1977 890 4924 
1978 936 4953 
1979 958 4961 
1980 1004 4799 
Source: World Energy Supply - UN- Series J 
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of production. Agriculture stagnates and the production of-energy- 
intensive goods (such as iron and steel, cement and aluminium) grows 
even faster than the economy as a whole. The problem is that most 
developing countries look to the advanced industrial states as models 
to follow. They still seek to imitate the United States or the 
Soviet Union which developed their positions of industrial leadership 
in an era that is now past. The developed countries established 
their industrial base in an era whenýthe cost of energy was declining 
in relation to the cost of most other industrial inputs and with the 
near certainty of future energy supplies. The situation is now 
completely different; it is commonly recognized that development can 
be approached from many angles and that there is more than one path 
to. development. The successful development plan for an economy is 
that which is based upon the economy's indigenous culture and 
resources. Although most developing countries have an increasing 
population constituting 75% of the total world population, the fast 
industrialization programmes with the massive energy-intensive 
industries have often substituted energy for labour and hence created 
more unemployment. The developing countries need more balanced 
development plans with equal investment in industry, agriculture and 
services. A pattern of development which means less demand for 
capital and energy as the two factors which- developing countries 
lack. 
Therefore, although in the short term major reductions in energy 
demand levels for the NODC are unlikely, owing to its dependancy on 
their economic growth and precisely the structure of that growth, 
more flexibility, in the strong relationship between energy.:; and 
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economic growth for these countries is likely to emerge in the long 
term. Conservation, improved technologies and substitution of other 
fuels are lively options for the industrialised world to achieve such 
flexibility, but does this apply to the NODC also? 
1.3 Conservation and Future Alternative Energies: 
From the previous analysis, it is clear that the energy problem for 
the NODC is simply a "demand management" problem, concerned with the 
achievement of an economically efficient level and optimum pattern of 
energy consumption. Internationally, conservation measures are known 
to be the solution to the energy demand management problem that faced 
nearly all nations, particularly the developing ones, after the 
events of 1970. To what extent does this apply to NODC? 
Energy conservation could be defined as the strategy of adjusting and 
optimizing energy using systems and procedures so as to reduce energy 
requirements per unit of output, or well being, without affecting 
socio-economic development or causing disruption in life-style. This 
definition shows how much conservation measures could affect energy 
demand levels, and reduce the use of energy below levels that would 
otherwise prevail, by eliminating waste, either (a) by reducing 
energy-using activities or by developing energy conservation habits 
such as foregoing the pleasures of driving during holidays, or using 
lower thermostat settings or shutting off appliances when not needed; 
or (b) substituting production factors such as capital and/or, labour 
for energy and in this sense labour seems to be a more likely 
substitute in developing countries with their increasing"; population. 
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Capital is not a prospective substitute, as it stands for NODC as one 
of the most serious constraints to their development. Almost all 
NODC require more capital to import foodstuffs, certain non-food 
agricultural products, manufactured goods and heavy industrial 
equipment, as well as energy. So the limited available capital is 
already exhausted between competing uses, leaving no room for 
substituting it even for the expensively imported energy; and (c) 
subsituting other forms of energy, such as using coal instead of fuel 
oil in processes where substitution is possible, or using natural gas 
instead of petroleum products in power plants or in households if gas 
is more plentiful than oil*. 
In fact, conservation policies with any of its measures, seem to be 
arousing increasing interest among government officials in almost all 
NODC. This raises the question, up to what point are conservation 
policies socially beneficial or desirable for developing nations, 
keeping in mind that conservation does not imply going without but 
does imply going further with what is available? 
It is true that for some NODC, one of the most critical aspects of 
their energy problem concerns not kilowatt-hours of electricity, for 
example, but calories of food energy. Energy consumption for the low 
income groups of NODC, which constitute nearly one third of humanity, 
* By the physical measure, i. e. the BTU consumed, this form of 
substitution will not save energy, but in an economic sense it 
is quite sensible and realises the objective of conservation 
given the economic scarcity values of the alternative fuels. 
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does not exceed a fraction of a kilowatt, and hence conservation in 
these cases becomes meaningless. However, for some relatively 
fortunate NODC, energy forms are adequately available and enable them 
to enjoy an energy-wasteful lifestyle. Either because of the necess- 
arily very low tariffs and taxes on energy, or because of the 
relative availability, people are not aware of the necessity to 
conserve. Simply, the philosophy of "less is better" only applies 
when there is too much initially. 
M. Munasinghe (6) presented a simple economic criterion to evaluate 
the adoption of a given conservation measure. His argument was that 
conservation is justified if the economic values of marginal energy 
savings benefits (AB) is greater than both marginal additional input 
costs (tCl) and marginal reductions in consumption benefits (AC2). 
So the condition is such that: 
AB > AC1 + AC2 
and has to be achieved over the life expectancy of the activity 
reflecting the lifetime costs and not just the present costs. This 
implies that whenever energy costs are expected to increase relative 
to other inputs, costs or the value of output over time, higher con- 
servation measures are justified. 
Hence, accounting for the time element, the criterion becomes: 
nItn1t 
t1 bt (1+r) 
ýt-1 CC1, 
t + C2, t) (T+r) 
where: 
bt : annual energy savings in year t 
Cl, t : additional input costs in year t 
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C2, t : losses in consumption benefits in year t 
r: discount rate. 
Therefore, conservation measures are appropriate and justified only 
if their economic benefits exceed their corresponding costs. 
The point worth noting in this context is that despite the adoption 
of energy conservation policies in almost all NODC, their consumption 
trends, as previously referred to, still show a great tendency to 
increase, while the same measures and concepts of energy conservation 
prove to be fruitful in developed countries and stand as the main 
element behind their successfully restricted energy demand. The 
reason is that the general economic structure and life style of the 
NODC has affected the extent of success of conservation concepts. 
The most effective single incentive to use energy more efficiently is 
for it to become more expensive. In all NODC, the energy price 
system is inappropriate and well below international levels which 
encourage waste and make conservation measures useless. Strict im- 
port control in these countries, as a result of the lack of foreign 
exchange, makes it difficult for large energy users to import new, 
more energy-efficient equipment. The subsidy system enjoyed by 
almost all consumers, regardless of their income levels, reduces 
their incentive to push for appropriate changes in the import control 
system. 
The previously mentioned constraints are behind the inefficiency of 
ý. u 
the conservation systems in NODC. The inefficient management of 
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their energy demand levels seem to be mostly centred around the 
pricing mechanism and policies, which are truly the main tools for 
efficient management and conservation. But although the pricing 
system stands as the main obstacle to energy conservation, it does 
reflect the economic structure of those countries where relatively 
low income consumers have to be protected against inflationary 
effects and where limited foreign exchange resources cause the 
government to implement strict import controls. The point that 
should be considered is that this situation can not be changed over- 
night without other enormous structural changes in nearly all aspects 
in these developing economies, otherwise such sudden changes will 
create serious economic disruption. The prospect of using higher 
energy prices as a conservation measure raises serious problems for 
the household and transportation needs of low income groups, espec- 
ially in those economies where social security or welfare systems are 
lacking. Therefore, energy subsidies are necessary for such develop- 
ing economies, and could have no restrictive effects on conservation 
if special measures are taken to minimize their "leakage" to higher 
income groups and to limit adverse effects on energy supply and use. 
Also complementary measures such as loans and subsidies for energy 
saving investments or regulation of energy efficiency of vehicles and 
major appliances are taken to secure energy conservation objectives. 
The appropriate conservation policy is not the one which copies an 
advanced industrialized model, where completely different situations 
and circumstances prevail, but it is the policy which can achieve the 
desired objectives of conservation, taking into account the economy's 
characteristics and weak points as they stand, at least until proper 
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changes can take place gradually and transfer the necessary aspects 
in the economy to cope with the optimal conservation policy. 
However, the conservation potential in NODC is not so black as it 
might look and might be one of the hopes of NODC in facing their 
energy management problem. There exist many other non-pricing 
measures which could be useful for demand management in such 
countries. The option of developing domestic hydrocarbon resources 
is to an extent promising but only for some NODC*. This option is 
expected to be widely applied after the increase in oil prices which 
makes even the small, inaccessible fields worth developing. Oil has 
been discovered for the first time in Cameroon, Chad, Guatemala, The 
Philippines, Tanzania and other NODC. New discoveries have put 
Mexico into the category of major oil producers with proven reserves 
almost as great as those of Nigeria and Venezuela. 
Another option is to substitute other forms of energy for oil or oil 
products. This option although helped most developed countries to 
survive the energy crisis to some extent, is not actually easy to 
follow in developing countries. Oil fuels have certain key 
advantages which make them suitable for developing countries (7). 
(i) They have a high energy density and are relativey simple and 
cheap to transport and handle; (ii) they require considerably less 
pre-investment in distribution infrastructure; (iii) their combustion 
* Currently, these countries do not exceed nearly a dozen out of 
the 100 developing nations outside OPEC, where their production 
is about 5 m. t. o. annually. 
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technology is relatively simple and suits the moderately-skilled 
labour in developing countries; and (iv) industrial and oil-fired 
generation plant per K. W. of capacity is cheaper when using oil fuels 
than any other primary or secondary forms of commercial energy. This 
predicament enhanced the search for energy alternatives in developing 
countries. 
With the realization of the difficulty in applying effective 
conservation measures or the option of switching to other fuels in 
most NODC, their interest was directed to the future potential of 
some other alternative energies. Most energy analysts expected 
nuclear power to play a major role in NODC's future energy consump- 
tion. For example, the International Atomic Energy Agency forecast 
the penetration of nuclear power to NODC energy markets to be in the 
range of supplying 437,000 megawatts by the year 2000. But, looking 
to the actual situation, the penetration rate of nuclear power has 
been slower than was expected and does not even exist in some NODC. 
The main reason is that it is, for most poor countries, another form 
of "expensive imported energy" with higher costs in its capital 
equipment and fuel, which will increase their dependency upon rich 
countries rather than diminish it. This, besides the extraordinary 
dangers in installation, operation and disposal of its radio-active 
waste, which makes it a non-potential option even for some 
industrialized developed countries. Only France has a big nuclear 
programme and even there, development of nuclear efforts has been 
curtailed and further delays to nuclear programmes must be 
anticipated (8). 
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Maybe the best probable alternative for NODC is solar energy which is 
abundant, non-polluting, and potentially cheap. Solar energy 
technologies that could be used in the developing economies range 
from economically simple ones to capital-intensive technologies such 
as solar cells and alcohol fuel production. Solar cells generate 
electricity directly when struck by sunlight. They have no moving 
parts, consume no fuel, produce no pollution, operate at a wide range 
of temperatures and require limited maintenance. The use of solar 
energy to produce liquid fuels for transportation and industrial 
feedstock is also another advantage. Around 6% of the liquid fuel 
consumed in Brazil is supplied from sugar cane but at the expense of 
about 40% of the land. This example of Brazil's experience, although 
highlighting the benefits of solar energy, draws the attention to its 
most serious limitations, namely the waste of high grade land. 
However, solar energy is still considered the most appropriate option 
for NODC and is expected to penetrate the, energy markets in these 
countries at a faster rate than in developed countries. Most 
developing countries are richly endowed with sunlight all the year. 
Their populations tend to be dispersed enough to facilitate the 
exploitation of decentralized energy resources. Moreover, they 
already get much of their energy from indirect solar sources (mostly 
firewood), therefore their transfer to solar energy is easier and 
does not imply more than an increase in the efficiency of usage. 
Though some future energy options seem promising for NODC the only 
obstacle is the high price of such alternative energy technologies. 
This simply means that these technologies will be imported instead of 
oil. Besides, the fact-that these technologies have been designed to 
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suit the industrialized economies which make them, to some extent, 
not only expensive but inappropriate. Therefore, concern has to be 
directed in NODC to energy research and development. 
Finally, having defined the nature of the energy problem in develop- 
ing countries and particularly NODC and the different available 
options and alternatives in handling it, it becomes clear that the 
energy problem for these countries is*more critical than in developed 
nations. They have a major effect, at least for the short term, on 
their economic growth and hence have to be seriously considered if 
their development is to continue. Comprehensive energy planning, 
based on appropriate information and energy modelling efforts, is of 
crucial importance to developing countries to avoid the threat of 
wiping out years of progress in raising their living standards and 
pushing forward their economic growth. 
1.4 Energy Modelling Efforts in Developing Countries: 
From the previous discussion, it is clear that the energy problem for 
the developing countries, particularly non-OPEC countries, is a de- 
mand management problem which revolves around how to forecast future 
energy needs required for their growth and development. Therefore, 
almost all modelling efforts for this group of countries are centred 
around modelling their energy demand and reflect two important 
factors: the problem of inadequate data, and rapid changes in the 
underlying economic structure. Energy data in almost all NODC are of 
low quality, particularly sketchy and unreliable in important areas 
such as non-commercial energy, energy efficiency, sectoral' demand 
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levels and inter-fuel substitution which are crucial elements in 
structuring a proper energy management or planning scheme. The level 
of energy demand in NODC is mainly dependent on the development rates 
in each country; which translate the rapid structural changes to more 
industrial, and hence energy intensive activities. This means that a 
proper modelling of the close relationship between energy consumption 
and industrialization has to be the main driving element in energy 
management by employing sectoral demand models. With no exceptions, 
sectoral demand data are not available for a period long enough to 
permit such detailed demand models. 
However, with the realization of the existence of such weak points in 
the developing economies, modelling efforts are increasingly taking 
place owing to the importance of these countries in the global energy 
balance. Developing countries are not only the largest suppliers of 
petroleum, the most important energy form which dominates the present 
world energy scene, but also as a consumer which now account for 
about 25% of the world's total energy consumption and is likely to 
account for 30% by the end of the century. 
Within this scope, several studies have attempted to estimate energy 
demand prospects for developing countries. Choe (9), (10), Pindyck 
(11), Parikh (12), Hoffman (13) Wölf and Navarro (14), and Zilberfarb 
and Adams (15) are examples of such modelling efforts. The purpose 
of this section is not to review them in detail, as from the 
methodological point of view, they are relatively simple compared to 
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the developed countries' energy models**. The main concern is to 
highlight, out of these modelling examples, the main features 
characterising energy demand modelling in developing countries. 
Most studies of commercial energy consumption in developing countries 
have been within the common approach which relates total commercial 
energy consumption to GDP, energy prices and population using either 
time-series or cross-section or polled (time-series and cross- 
section) data for these variables, with the introduction of a dynamic 
element in the case of using time series or polled time series 
cross-section data. The models, generally, follow a single equation 
specification form as presented by Choe (9): 
Eit aa+O. Yit + r. Pit + S. Ei, t-1 + eit 
where: 
i, t : country and year subscripts respectively. 
E: per capita energy consumption. 
Y: per capita. GDP. 
P: energy price index. 
or in the long-run form as: 
aa Qi, t - ao. (Yi't Pi't ) Qi, t-1 
where: 
** The survey of developing countries' energy models will not 
include non-commercial energy as it has been excluded from 
almost all models owing to the lack of data and because its 
analysis is usually done through extrapolation, personal judge- 
ment and empirical surveying. Therefore it is excluded from 
this study, too. 
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Q- energy demand. 
Y- GDP (in constant units). 
P energy prices (in constant units). 
is member of developing countries. 
ts the time used. 
is a geometric adjustment lag (1 >X> p). 
These two specifications are the most familiar and frequently used 
method for estimating energy demand in developing countries where two 
behavioural relationships are assumed and combined in the specific- 
ation: (i) The expected level of energy demand depends on the price 
of energy and the level of economic activity such that the energy 
demand increases with lower prices and higher economic activity, and 
conversely, (ii) a period of adjustment is required to bring actual 
demand to desired level. 
In these specifications energy demand is assumed to be a function of 
income, price of energy and lagged value of energy demand. The 
geometric lag is used implying a dynamic adjustment process and a 
symmetric time path of energy demand adjustments to income and price 
changes. In other words, it is assumed that the time lag (1 - ö) for 
energy demand to adjust to its desired level is exactly the same for 
changes in income as for changes in prices, which is counter- 
factual. For energy consumers, especially industrial consumers, 
income changes usually have a quick effect on their energy demand 
level by affecting employment and capital utilization levels and 
hence energy demand. Price changes tend to have a delayed effect on 
demand levels because of the specific nature of their -utilization. 
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The energy using equipment in general, and particularly for the 
industrial consumers as the main energy users in developing 
countries, is locked into a specific pattern of energy demand which 
takes time to be altered either by depreciation, modification or 
replacement, which are all time consuming possibilities. 
Another specification which is used in modelling energy demand within 
this idea is presented in Choe's modified model as (10): 
Eit - a+ g. Yit +- 
T-1 
Yk'i"t-k + eit 
where all variables and parameters are as explained earlier. This 
specification is based on a polynomial distributed lag concept where 
instantaneous adjustment of energy demand to income changes is 
assumed with a time path adjustment to price changes. 
Wölf and Navarro (14) embodied the same idea of different income and 
price adjustment path in a specification of the form: 
Qi, t- ao (Pi' tß) 
I-X 
Qi, t-1 
I 
Yi't al Yi, t-l 
a2 
where Q, P. Y are energy demand, energy price index and GDP respective- 
ly. A is a geometric adjustment lag (1 >X >0). 
Some models were specified excluding the price variable on the 
grounds that price data are either inaccurate in developing countries 
or non-existent, or in some cross-section studies because fuel prices 
are roughly comparable among the sample countries. 
Adam's work (15) followed this approach and specifies the energy 
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demand model for selected NODC as: 
In E-a+ . in GDPPC + dummy variables 
where E and GDPPC are total energy consumption per capital and gross 
domestic production per capita respectively, and the dummy variables 
equal 1 for countries with GDPPC between 0-10%, 10-20%, 20-30% of the 
USA gross domestic products per capita and zero otherwise. The ex- 
clusion of the price variable was empirically justified as follows. 
Although the omission of the price variable results in a bias in the 
income elasticity of the size: 
y. cov (p, y)/var(p) -yn 
where: 
Y: price elasticity. 
P: price variable. 
Y: GDFPC 
But with the fuel prices being roughly equal in all countries, (i. e. 
with cov. (p, y) s 0], there will be no bias, or at the most the cov 
(p, y) will be so small indicating no significant bias. Their results 
implied a small bias in GDPPC coefficient with Tia 0.001. 
In almost all estimated demand models for developing countries, the 
income elasticity ranged from 0.4 in the short run to 1.3 in the long 
run. This high income elasticity in the long run suggests that a 1% 
increase in GDP increases energy consumption by nearly 1.3% which is 
not surprising. An increase in GDP is usually associated with an 
increase in industrial expansion and hence higher energy intensive 
activities which, in turn, contribute to more energy consumption. 
This beside that a higher GDP implies a higher standard of living 
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with greater use of transportation facilities and therefore greater 
increases in gasoline consumption. 
Price elasticities were in the same range of those estimated in 
developed countries' models averaging between -0.08 in the short run 
to -0.38 in the long run. The low magnitude of price elasticity is 
attributed to the fact that at low levels of income most energy is 
consumed as a necessity and hence there is no room for greater sub- 
stitution away from energy if prices rise. However, the fact that 
developing countries have relatively small energy consuming capital 
stock would make it easier to adjust the total capital stock com- 
position to changes in relative factor prices in the longer term and 
hence render the price elasticity higher. 
From the proceeding, it can be noticed that most energy demand models 
for developing countries followed an aggregated approach due to the 
inefficient available data which are, in most cases, available only 
at an aggregate level. Pindyck (11) presented a disaggregated 
approach for modelling the demand for some petroleum products in five 
advanced developing countries, pooling them in two groups according 
to their demand structure and aggregation of data*. The first group 
consists of Greece, Spain and Turkey, and the second of Brazil and 
* The limited sample of Pindyck's model was a reflection of the 
difficulty in attaining disaggregate data for developing 
countries, even on a product's- base, especially 'petroleum 
product's prices, which restricts his sample only to the most 
advanced developing countries where such data was available. s 
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Mexico. The models were structured for light fuel oil, fuel oil, 
motor gasoline, diesel fuel, kerosene and other petroleum products. 
A log linear specification with a Koyck lag explaining the adjustment 
mechanism of petroleum product's demand was used as follows: 
Log Qijt s oij + 61 log Yjt + ri log Pijt +. ?i log Qij't-1 +E ijt 
where: 
Qijt : per capita consumption of fuel i in country j at time t. 
Yjt : per capita GDP in country j at time t. 
Pijt : price of fuel i in country j at time t. 
His results stated that light fuel oil, gasoline and diesel fuel oil 
are price inelastic but highly income elastic. Heavy fuel oil proves 
to be highly price elastic but less income elastic. Demand for kero- 
sene showed an inelastic price response with a negative income elas- 
ticity. These results, though consistent with what would be expected 
for developing countries with their economic characteristic and 
energy consumption pattern, have to be interpreted as a special case 
for these few advanced developing countries incorporated in the 
sample. 
As previously stated, the most significant factor affecting energy 
demand level in developing countries is the increasing structural 
change towards more advanced energy-intensive activities and higher 
standards of living. This makes any attempt to estimate their future 
energy demand ignoring such changes incomplete. Methodologically, 
the proper way to quantify the effect, of these changes on the energy 
demand level is to estimate energy demand on a sectoral base which is 
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not possible with the absence of the required sectoral data. Another 
conventional approach is to use the usual input-output method, but 
again data problems limit their applicability to only a few 
developing countries and for the near future. As a compromising 
approach, Hoffmann (13) presented a model to estimate energy demand 
in developing countries using the share of major sectors as 
industrial, transportation, residential, etc., in national income as 
"structural variables", measure the moving structure of the economy 
as follows: 
In Et - ao + ßl In Yt + ß2 U1 + ... + ßn_l un_1 + ßn In Pt + Ut 
where: 
Et and Pt : are energy consumption and energy price index 
respectively. 
U1,.. Un_1 : are structural variables for each energy consuming 
sector. . 
The model was estimated for two country groups: Southern Europe and 
low income Africa south of the Sahara, using per capita and total 
energy consumption. The results of his regressions for the two 
groups showed a negative relation between the agricultural sector's 
share and the level of energy consumption ranging from -1.4 to -3.5, 
and an inconclusive relationship in sign and magnitude between the 
other 'sectors and the energy consumption's level; as the results 
varied from positive- to negative between the two groups. But the 
most interesting conclusion was that the introduction of the 
structural variables leads to a relatively low income elasticity of 
the range between 0.26 and 0.74, indicating that the high income 
elasticity estimated from the aggregate models is due, to a great 
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extent, to the structural changes towards more energy-intensive 
activities through the economic development path. 
A relatively advanced model similar to those applied for developed 
countries was attempted by J. Parikh and K. Parikh (12) using a ma- 
croeconomic simulation framework to estimate energy demand in India*. 
The model was structured to project alternative future energy demand 
scenarios consistent with economic development and supply scenarios, 
and above all to examine the inter-action between the increased cost 
of energy and economic development. The importance of this study is 
that it attempted to examine an important aspect of the developing 
countries' energy problem where imports and capital accumulation 
constitute the major constraints on development. This was done by 
linking a macroeconomic simulation model to an energy demand 
model**. The estimates of energy demand in India were obtained by 
relating energy consumption to the structure of GDP through five 
stages: 
Firstly, estimating per capita energy demand (ET/IN) as dependent on 
* The study forms a part of the global modelling exercise of the 
International Institute of Applied System Analysis' (IIASA) 
energy systems programme where India is taken as a case study of 
developing countries. 
** For simplicity and brevity, the macroeconomic model is not 
reproduced in this part, as it is too detailed. For more 
details see [(9)) pp. 8-20]. 
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the share of non-agricultural sector (YNA/YD) in total GDP and the 
increase in per capita consumption (C/N) as: 
log (ET/N) =a+ ßl., log (YNA/YD) + ß2 log (C/N); 
Secondly, estimating the share of non-commercial energy demand (ENC) 
in the total demand as a function of urbanization, measured by the 
fraction of the population that is urban (NU/N), and private per 
capita consumption (CP/N) as 
log (ENC/ET) aa+ 01 log (NU/N) +82 log (CP/N); 
Thirdly, obtaining the share of commercial energy (EC) as a residual: 
EC a ET - ENC; 
Fourthly, estimating the growing share of electricity (EEL/EC) in the 
total commercial energy as determined by the number of villages 
supplied with electricity (FREL) and the activities of the nonagri- 
cultural sector (YNA/YD) as: 
log (EEL/EC) aa+ 01 log (FREL) + $2 log (YNA/YD); and, 
Finally, non-electrical energy demand (NEL) was estimated as a 
residual: 
NEL - EC - EEL. 
The foregoing brief survey shows that the wave of energy modelling 
which is gaining wide interest all over the world, incorporates the 
energy problem of developing countries and copes with their major 
problem in the context of inefficient unreliable energy data. 
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1.5 Objective, Scope, Methodology and Organization of the Study: 
1.5.1 Objective 
The objective of this study is energy analysis and planning in one of 
the developing countries, namely Egypt. The oil boom which 
characterised the 1970's had benefited Egypt to a great extent. The 
number of Egyptians working in the oil states increased with the 
transformation of the Middle East economies and their remittances 
have been the most important source of foreign exchange. Oil and 
natural gas production was increased reaching about 860,000 barrels a 
day to take advantage of the energy market boom. Since 1976, Egypt 
has been considered one of the energy surplus countries with oil 
reserves and production well in excess of its domestic consumption of 
petroleum products. Since then, the energy sector started playing an 
important role in the economic development of the economy and is now 
considered one of the major financial contributors to foreign 
exchange which has been the country's problem for a long time. On 
the other hand, Egypt could be categorised as one of the industrial- 
ized developing countries, with large urban-industrial sectors, 
manufacturing both consumer and capital goods and providing an array 
of commercial services that make its modern sectors strikingly 
similar to those of the industrial countries. The problem in Egypt 
is that while the fast-expanding parts of the economy such as the 
energy sector, the Suez Canal and tourism are reaching a plateau from 
which it is unlikely to rise much further, the traditional economy 
which was developed during the 1950s and 1960s, such as the industry, 
agriculture and government services, is not growing fast enough. 
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With these two characteristics in mind, the main objective of this 
study is to structure an energy planning model which considers the 
country's energy requirements and supply availabilities within the 
general framework of the economic and development goals. 
Egypt, though fortunate in being an energy self-sufficient country, 
has relatively limited energy resources, namely oil, natural gas and 
other minerals, which are finite and exhaustible by nature. To main- 
tain and continue its development programmes, a continuation of 
sufficient foreign exchange has to be guaranteed. The major foreign 
exchange sourcs currently providing the country's financial require- 
ments, are not expected to play such a role for a long time. Con- 
sequently, the main importance and lively option for the country, is 
to use a substantial portion of the present oil revenue in investment 
in other sectors of the economy which are both productive and long- 
lived. As previously mentioned, Egypt has a strong industrial sector 
which could be expanded and improved and could yield greater returns, 
especially if it is based on the processing of locally produced raw 
materials or indigenous skills, a situation which could be assumed in 
the case of Egypt. This, besides the existence of a large agricul- 
tural sector which is still contributing, and can contribute more, to 
the country's foreign exchange earnings, especially with not being an 
energy intensive sector. 
Therefore, the energy planning model will be developed within the 
framework of developing the role and revenue realised from the 
non-oil sector using the current revenue of the oil sector, whilst 
ensuring the satisfaction of energy demand levels 'and the optimal 
- 42 - 
extraction of the oil reserves according to the absorptive capacity 
of the Egyptian economy. 
1.5.2 Scope: 
Although non-commercial energy still accounts for a relatively 
significant share of total primary energy consumption in Egypt (30%), 
the emphasis is primarily on commercial energy demand, due to the 
formidable lack of data on non-commercial energy. Commercial energy 
may be defined as the energy supplied to the consumer in solid, fluid 
or gaseous form or through the grid against payment of a certain 
price. The commercial energy under investigation in this study 
includes petroleum and electricity, as they represent the major 
energy consumption and adequate data is available for their 
consumption. 
The substitution between different sources of energy are not cover- 
ed. Energy prices in Egypt are not market prices but a heavily 
subsidised price which is kept lower than world market prices to 
account for, and be consistant with, other economic and social 
priorities. Subsidised energy prices in Egypt stand as an effective 
tool in fostering industrial growth, relieving the energy cost burden 
on low income groups and minimising inflationary pressures. This 
situation creates many financial problems in a country with limited 
financial resources such as Egypt, and consequently presents a major 
constraint to the attempts of oil substitution. 
1.5.3 Methodology: 
Since all aspects of the energy problem are quantifiable, i. e. energy 
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demand, supply and the macroeconomy, the model building approach is 
used as a general methodology. However, the best way to structure 
and estimate the relationships in a model cannot be determined 
without reference to the purposes of the model, the data avail- 
ability, the general structure of the system modelled, etc. 
The fact that the energy sector and the economic systems are closely 
linked is undeniable, and is quite obvious in the context of Egypt. 
Therefore a national plan for the energy sector and its inter-action 
with the whole economy has to be within the energy-economy approach, 
where the sector planning is not done in isolation but as a part 
which affects, and is affected by, the national economy. Methods for 
modelling energy-economy interactions spanned the range from sector- 
specific frameworks, with no explicit energy-economy inter-action, to 
complex models which attempt to capture the full general equilibrium 
interactions between energy and the economy. 
The essence of modelling is simplification and the model, no matter 
how sophisticated, is but an abstract from reality, and hence has to 
compromise between reality and manageability. 
The major drawback in accurately modelling the Egyptian energy sector 
and its interaction with the national economy, is the insufficient, 
unreliable data available. Therefore the methodology used in speci- 
fying the model tends to be simple and makes the most use of the 
available data. With the existence of data problems, one has to 
compromise between what would ideally be required for estimating the 
models specified according to optimal theoretical bases and what can 
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be estimated with the data at hand. 
The methodology used is a combination of: (i) behavioural/econometric 
models, based on economic theory and are estimated using historical 
data, which reflect the. overall aggregate characteristics of energy 
demand and supply in Egypt, as well as the macroeconomy, and are 
oriented towards forecasting; and (ii) dynamic simulation technique 
to integrate the model's components, and through a set of policy 
variables projects future energy demand, supply and macroeconomic 
needs ending by a recommended energy policy which accounts for these 
projections. 
The work of Ali Ezzati (16) provides the methodological structure 
which is adopted and applied in the construction of the energy plann- 
ing model with the necessary modification required for the specific 
structure of the energy sector and the Egyptian economy. 
1.5.4 Organization of the Study: 
Chapter two provides the theoretical framework for energy modelling 
in general, shedding some light on alternative techniques and method- 
ologies employed in different classes of energy models. 
In chapter three, the inter-action between the energy sector and the 
Egyptian economy is analysed and measured as the basis for the energy 
-economy approach used. 
Chapter four highlights the energy situation in Egypt by surveying 
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energy demand and supply aspects, ending by a brief survey of the 
recent energy modelling effort. 
Chapters five and six provide the energy planning model for Egypt by 
specifying, estimating and evaluating the macroeconomy model in 
chapter five, and the energy model in chapter six. 
Chapter seven presents the integrated energy planning model and tests 
its performance both within and beyond the sample period (1960-1980) 
used for its estimation; and finally then discusses the alternative 
scenarios assumed for the planning period (1980-1987). 
Finally, the main findings, conclusion and suggested areas for 
further research are presented. 
CHAPTER 2 
ENERGY MODELLING: OBJECTIVES, TECHNIQUES AND 
CLASSIFICATION 
r- 
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CHAPTER 2: 
ENERGY MODELLING: OBJECTIVES, TECHNIQUES AND 
CLASSIFICATION 
The 1970s marked a time of transition from cheap and plentiful energy 
supplies during the 1950s and 1960s to an era of high prices in the 
main energy form, namely oil. This was reflected in a general hike 
in the prices of all energy forms, with a restricted availability of 
most fuels. This dramatic transition in the market, which had been 
used to stability, gave rise to the concern about how to adapt to 
this new situation. 
An immediate and clear answer to this problem was not easy. The 
energy supply system and the nature of energy demand are complex, 
interacting, and are governed by economic, political and social 
factors which possess a great deal of uncertainty. 
The response to this situation resulted in the development of 
numerous data sources and models dealing with the energy system or 
its components and their. inter-relationship with social and economic 
development, the environment and international relations. 
The objective of this chapter is to place energy modelling activities 
in perspective in relation to critical policy and planning issues, 
first by highlighting the emergence of the modelling activities and 
their limitations, and then by stating the objectives and 
applications of energy models. This is followed by a classification 
of different energy models giving some examples for each group. 
I 
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2.1 Overview of Energy Modelling: 
Energy as the basic commodity in the economy has long been a 
particular subject of concern among economists. However, the level 
of concern has increased as the energy market was perceived to be 
experiencing a rapid change with serious economic consequences. The 
events of October 1973 highlighted the need for understanding energy, 
either in its demand patterns or supply availabilities, or its 
critical interaction with the economy. As the supply, demand, 
conversion and flows of the energy system is quantifiable, energy 
analysts and economists found in the quantitative approaches a method 
for a better understanding of the energy system. 
Energy models are currently a subject of widespread interest and form 
, the 
basis for many energy policies and plans. However, the subject 
of energy modelling is not precisely defined. An energy model could 
be defined as a set of mathematical relations expressing an economic 
theory of energy. This definition might have been appropriate with 
the beginning of the modelling effort, but with the development and 
expansion of the model's applications, it has become restricted. 
Current energy models are not concerned only with the economic aspect 
of the system. Government policy, technology development and 
environmental considerations, which go far beyond the traditional 
scope of economic theory, are of the same importance and are attract- 
ing the same attention. 
Modelling, in general, is a systemization of knowledge accumulated 
both quantitatively and qualitatively and; presented in a suitable 
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form for further investigations, and to reach decisions based on 
logically connected mathematical relations. 
The penetration of modelling into almost all energy aspects is due to 
the nature of energy as an intricate phenomenon. Energy supplies 
come in different forms and from different sources. The demand for 
energy is no less complicated; but is also enormously dispersed and 
varied. The processes involved in both aspects occur within a 
social/legal context with regulatory constraints and interventions. 
This complex feature of the energy system enhanced the attempt to try 
and control its wide range in simplified modelling frameworks which 
could facilitate its analysis, with the minimum penalty for errors. 
However, models as a representation of reality are always incomplete, 
no matter how sophisticated or well structured. They are merely a 
representation of the actual system existing in the real world and so 
they cannot be true in every detail. At best, the model abstracts 
from reality the important element and suppresses unimportant 
details. Hence "the map is not the territory" and the model becomes 
a sort of a compromise between reality and manageability. This may 
be the main reason behind the rejection by some analysts and energy 
economists of the intensive use of models to generate future fore- 
casts and use them in formulating energy plans and policies. 
Since the first jump in oil prices, instability became the dominant 
characteristic of the energy market. The factors which determine the 
market's structure are all uncontrolled and uncertain. Therefore, 
predictions derived from the energy models are liable to be very 
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imprecise, because they are based on assumptions which may not be 
completely substantiated as a result of changes and trend reversals. 
A model may be highly sophisticated with hundreds of equations, 
variables and parameters, but still the results can only be validated 
if these equations represent reality in a correct way and if its 
other details are correct. 
Uncertainty is not the only problem in the energy modelling 
processes. The inability of the model to incorporate essential 
factors such as "political factors" for example, which are excluded 
on the grounds of being beyond the scope of the model is another 
drawback. Political factors provide another example of the 
incompleteness of the energy model. These factors, though they can 
not be structured in any energy model, are the driving force in the 
energy market and shape any energy policy. A war in the Middle East 
or the overthrow of one of the key OPEC governments could 
dramatically change prices and production overnight (8). The 
examples are illustrated in the recent past of the energy market. 
The Arab-Israeli war in 1973 was the invisible hand behind the oil 
market's changes. The second price "shock" of 1979-80 occurred 
primarily because of anticipated shortages and uncertainty resulting 
first from the Iraniain revolution and its after-effects and then 
from the Iran-Iraq war (8). These events, which changed the whole 
structure of the energy market, could not be encapsulated in 
mathematical equations. 
These examples of the deficiencies in the energy modelling efforts do 
not indicate its unimportance, but rather stress the importance of 
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developing techniques that can deal with those caveats. Assumptions 
underlying the model should be understood before using the results. 
A continuous reappraisal of the validity of the results is necessary 
when changes in key parameters take place. Finally, it should be 
understood that modelling is neither an autonomous exercise nor a 
substitute for qualitative analysis based on the personal judgement 
and experience of the model builder. 
2.2 Objectives and Approaches: 
The concept of a model usually creates an image of complex, 
computerised systems of mathematical equations describing the process 
being modelled. In fact, the degree of simplicity or complexity 
depends upon the purpose(s) for which the model is designed. 
Generally, energy models circle around two objectives: analysis and 
forecasting. Each handles the energy system in a different way and 
therefore requires particular treatment. Before referring to these 
techniques, it is necessary to highlight these two objectives in 
order to clarify their relation to some techniques which will be 
surveyed in the following section (2.3). 
The threat of a fossil-fuel shortage during the early 1970s raised 
the concern to provide sufficient understanding and data to avoid 
what became known as an "energy gap" i. e. failure of supply to meet 
demand levels. Models were structured in a way to assist in 
analysing the energy system and in enabling it to be better 
understood. - Energy analysis could be defined as the systematic 
tracing of energy flows through an industrial system, apportioning 
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the quantity of primary energy input required to produce an output 
commodity. This definition shows that for analytical purposes, only 
the activity is described and not the reason for it. In other words, 
the aim in this case is simply to understand and describe the energy 
system. Energy analysis models might describe the energy 
consequences of a particular course of action, but it neither 
recommends nor criticises; its purpose is not to suggest what should 
be done. These models provide information and more understanding 
from which a judgement can be made. 
Energy analysis models are addressed to several descriptive uses in 
the energy field such as evaluating the consequences of a new energy 
sources, new energy policy or a transport policy, as well as 
identifying effective areas for research into energy conservation, 
estimating the effect of fuel price rises and comparing the energy 
used from different fuels and different techniques. These uses are 
obviously descriptive and not prescriptive. Consequently the 
techniques or approaches applied to energy analysis purposes are of 
the same nature. Section (2.3) will show that in energy analysis 
models, process analysis, Reference Energy System and Input-Output 
techniques are normally used. 
Forecasting is another important objective of energy models. It 
enables the decision maker to judge whether it is necessary to take 
any measures in order to'influence the relevant economic variables. 
Much of the energy forecasting models are sectoral models where 
either demand or supply of energy (or a single fuel) is the main 
concern. Forecasting the future of the. demand'aspect is gaining much 
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interest, whether in a sectoral model type or as part of an energy- 
economy or an energy system model. Future demand for energy is 
normally related to other aspects of economic well-being, particular- 
ly the GNP or the GDP measures, either on an aggregate base, sectoral 
or product base. Energy forecasting models are based on historical 
trends which might be dramatically reversed, and this is what 
actually happened in the energy market. To account for this draw- 
back, forecasting models tend to use either scenarios to characterise 
the uncertainty inbedded in the model's results or short periods for 
forecasting or in some models by dividing the long forecasting period 
into sub-periods each with different assumptions and scenarios. 
Different mathematical techniques have been used in implementing and 
formulating energy models, each to serve one of the previously 
mentioned objectives or a combination of them. Most of the models 
used different techniques especially when modelling the whole system 
demand and supply, or in energy-economy models where there has to be 
an account of the economy in the integrated model. This part briefly 
reviews the structure and purpose of most applied techniques as a 
background to section (2.3), where the objectives and techniques are 
combined in the survey of the selected energy models. 
The input-output approach is one of the techniques used as a 
descriptive tool in energy modelling. It has been adapted to energy 
studies by converting the inputs from the energy sector to other 
industry sectors from monetary unit (say dollar) - flows into energy 
units such as the, British Thermal. Unit (BTU) in a 3matrix which 
specifies the direct and indirect energy inputs from the oil sector 
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to any other sector in the economy. 
Generally speaking, the input-output tables are simply a represent- 
ation of the transactions that took place between different sectors 
in the economy in a matrix form. The structure of these tables is 
divided into two main parts: "The make matrix" represents the output 
of each sector or industry with Mij elements as the output of 
commodity i by industry j in monetary terms; and "An absorption 
matrix" for the intputs to each sector or industry where an element 
Xij is the input of commodity i to industry J. Primary input such as 
profits, income from employment are listed in further rows while 
inputs to final demand i. e. government consumption, exports and 
capital formation are listed in further columns. The input-output 
matrix A is, a combination of the make and absorption matrices with 
Aij the value of commodity i needed to produce a unit value commodity 
J. Therefore, for each commodity the total output Q is the sum of 
the quantities used by different industries in producing goods and 
the quantity of output to final demand F, in the formula: 
Q- AQ+F 
Given the matrix A, the total output, of Q can be estimated as: 
Q-(I-A)-1F 
where I is a unit matrix of the order of A and (I - A)-1 is the 
Leonteif inverse. 
This brief outlining of the input-output technique shows that it is a 
descriptive tool used where the objective is not what should be done 
but to see how the system is working. Using this technique in energy 
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models provides an estimate of the quantity of energy used throughout 
the economy to produce unit quantities of other commodities. It is, 
therefore, widely used in demand studies where a great deal of dis- 
aggregation is possible by estimating the total energy demand of the 
economy through the structure of its sectors with the corresponding 
demand characteristics for each. Another disaggregation advantage 
provided by this technique is the distinction between direct energy 
use which represents the energy input per unit of gross output and 
the indirect use represented by the energy cost of one unit of an 
item attributable to the interindustry linkage effects. However, the 
use of input-output techniques in energy models is limited by the 
difficulties and time delays in structuring the interflow data, and 
the restrictiveness of its well known simplified assumptions of fixed 
technology and zero price elasticity. These limits of the technique 
are clear in the models surveyed using this approach. However, 
Hudson and Jorgenson (19), for example, estimated the technical 
coefficients in their model as a function of relative prices of all 
inputs and consequently avoided the restrictive assumption of 
constant coefficients. In most energy models, input-output is not 
used on its own, except in some demand models, but integrated in a 
system of models used for planning and policy. 
For the same descriptive purpose, Simulation techniques are used in 
modelling energy systems in order to answer questions of the type, 
what will happen ... if? That is to display the consequences of a 
well-defined action. It is a simple substitute of the object under 
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investigation where experiments to investigate the behaviour of a 
real-life system are not possible, either because of the costs or the 
risks involved. In mathematical simulation, the system investigated 
is represented by a model consisting of mathematical relations 
suitable for computerization. 
Simulation models could be either deterministic, with the exact 
values of the variables being computed, or probabilistic models with 
at least some variable having an unpredictable, random behaviour and 
so their values must be represented by a probability 
distribution. But, in all cases, each run of the model corresponds 
to a particular set of values of specific variables. A simple 
example of this technique is the commonly used scenario approach 
which is used to trace the implication of certain crucial assumptions 
or decisions. 
In energy models, simulation is used mostly coupled with other 
techniques like econometrics or within an integrated energy system 
model, although some models employed this technique on its own in 
forecasting energy demand (20). 
In structuring energy models for forecasting purposes, econometric 
techniques are a dominant approach for quantifying and representing 
economic theories. An econometric model is defined as a set of 
related equations Used to describe the relationships that determine 
the characterisitcs ' of the' observed data in' order to measure the 
impact of one economic variable on another and--estimate its future 
behaviour. The 'principle`ý'method of econometrics is regression 
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analysis, where the economic model derived from a theory is combined 
with the statistical model of the process from which the observed 
data is generated to estimate the parameter of the model. 
Forecasts generated from econometric models are based mainly on 
elasticity indicators which is more an art than a science. They are 
estimated assuming all other factors influencing the system remain 
constant. As they are derived from a specific sample, they are valid 
only over the range of values of the parameters used as inputs to 
calculate them. The assumption that the system modelled is 
reversable cannot always be justified. Applying this approach in 
energy modelling requires different specifications than those needed 
for ordinary consumer or producers goods. A consumer can switch, for 
example, from consuming clothes to consuming more food, without 
incurring capital costs. The use of energy, as a commodity, is 
combined with durable capital goods, therefore the total cost to the 
consumer from any changes in consumption patterns have to be 
reflected in the econometric model to generate accurate elasticities, 
particularly price elasticities. 
Econometrics is used in modelling two types of energy processes: (i) 
behavioural processes, where the model is structured to help in 
reaching a decision regarding the future behaviour of the system in 
response to changes in some factors (variables) outside the control 
of the system; and (ii) technical processes where econometrics is 
used to estimate the parameters in some technical relationships such 
as the output of a firm, where output is specified as a. function of 
quantities of inputs available such as capital, labour, energy and 
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other materials. In this latter case, a production function type of 
model is used and estimated using the econometric technique. This 
model type allows for the measurement of the possible substitution 
between the different factors of production. The elasticity of 
substitution between factors of production is estimated by isolating 
factor pairs and allowing only two inputs at a time to move to their 
optimal levels, which gives a misleading technological interpret- 
ation. In most econometric applications for technical energy 
processes, a cost function is used to measure the elasticity of 
substitution. 
Though econometrics is the most widely used technique in energy 
forecasting models, its restrictive assumptions, which have been 
mentioned. earlier in this section, are the object of criticism. 
However, despite these drawbacks in econometric analysis, there are 
no alternative techniques that are as well developed for predictive 
purposes from a theoretical viewpoint. Econometric techniques still 
dominate many energy models, but with limited forecasting periods 
(short or medium) where the assumption of a constant structure could 
be valid, or within an integrated framework, which couples econo- 
metrics with optimization techniques (21) or simulation (22) to 
overcome its drawbacks. 
Optimization techniques are a normative approach which gained a wide 
area of application in modelling the energy system, through describ- 
ing how the energy system should develop given a specific objective 
or objectives. It is widely applied in energy system models where an 
objective function is set to be maximised or minimised, subject to a 
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set of demand, supply, technological and environmental constraints. 
In other words, it defines what should be done in order to achieve a 
desired goal. 
A typical application area for optimization techniques is modelling 
the technical system of energy supply in order to evaluate a goal- 
oriented investment or development policy. In addition, an 
optimization model could be used in evaluating new energy 
technologies, by comparing different scenarios, assuming availability 
and non-availability of these technologies. A definition of the 
weight of each technology could be in terms of a goal criterion, such 
as oil imports needed for each technology, environmental damage on 
the associated overall costs. The Parametric studies associated with 
optimization techniques account for the inherent uncertainty in 
energy models, by investigating the stability of certain solutions 
with respect to changes in individual or collective parameters. 
Optimization techniques, especially linear programming, are used in 
the energy models, either as the main technique (as mentioned be- 
fore), or as an information integrator coupled with econometrics 
(21) or as a central linkage model in an integrated system energy 
model, or coupled with simulation techniques in large scale energy 
planning models: In fact, though simulation and optimization have 
different purposes and structures, they complement each other. 
Optimization with alternative optimality criteria, preference 
functions, is very close to simulation. On the other hand, a 
meaningful choice of a set of possible simulations comes out of a 
particular preference. 
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The previously mentioned techniques focus mainly on the energy demand 
aspects or supply considerations, the inter-action between both of 
them and the economy of which the energy sector constitutes a part. 
However, another area which has been intensively covered by energy 
models, is the complex technological system between the available 
energy resources and the demand for specific forms of energy. This 
technological system involves the extraction, conversion and 
transportation of energy and is modelled using either linear 
programming if a target is to be realised (e. g. minimum cost of the 
flow of energy), or using Reference Energy System techniques (RES). 
The Reference Energy System was developed by Hoffman (23) to assess 
new energy technologies and policies for the U. S. A. It is a frame- 
work that integrates a set of estimated energy demands, energy 
conversions technologies, fuel mix and energy resources in an overall 
energy supply demand balance. The approach is mainly a network 
diagram indicating both energy flows and the associated conversion 
efficiencies of the technology, employed in various stages of the 
energy system chains. Each path through the energy system network 
indicates a possible route for the flow of energy, from sources to 
demand categories. Therefore, alternative paths and branches reflect 
the substitutability between various resources and technologies, as 
shown in Figure (2.1). 
The Reference Energy System (RES) as described is a pictorial 
representation of the energy system and consequently used in the 
energy models as a descriptive tool to exhibit the energy system's 
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information and options. In much of the RES uses, it is combined 
with optimization or simulation techniques. In the former case, the 
purpose is to select the optimal path from energy 'sources to demand 
categories which minimise or maximise a specified criteria. While in 
the latter, the objective is to simulate or describe the changes in 
different paths as a result of some assumed scenarios. 
The energy balance methodology is another technique employed in 
energy models to realise equilibrium between demand and supply of 
energy. It focuses on energy flows from supply sources through 
conversion processes to end-use demand, accounting for intermediate 
consumption of energy during conversion processes and efficiencies at 
various points in the energy supply system. 
Preparing the energy balance tables starts by-estimating the energy 
demand, independently, of each of the major end-use sectors for each 
of the energy forms. Using engineering and judgement models, energy 
supplies are then developed and compared with demand estimates, and 
differences are resolved in a judgemental way. 
It is worth noting that, though each of the previously surveyed 
techniques is of a particular nature and serves a specific purpose 
for which the technique is designed, the actual application of these 
techniques comes normally in a combined way where more than one 
tehnique is used to realise the model's objective. This will be 
noticed from the following part where selected energy models are 
surveyed to shed some light on the different structures of the models 
using different techniques and for different purposes. 
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2.3 Classification of Energy Models: 
Energy models range from some simple mathematical expression to a 
quite complex system of equations requiring sophisticated computer 
techniques for solution. There is no single or simple way to 
classify energy models. S. C. Littlechild and K. G. Vaidya (24) 
classified energy models according to six criteria: affilation of 
author(s), geographical focus, scope within the economy, activity 
examined, technique used and time horizon. Joe Stanislow and others 
(25) ranged the models into five different types: energy-economic 
models, optimizing models, industry models, sectoral models and 
energy system models. K. C. Hoffman (26) used the topical scope of 
the model as a primary basis for his classification and categorised 
energy models as: sectoral models where the focus is either the 
demand or the supply side of the market; industrial market models 
which analyse demand and supply relationships of individual or 
related fuels; energy system models which incorporate supply and 
demand relationships of all energy sources; and energy economic 
models where the relationships between the energy system and the 
overall economy are defined. 
The energy models surveyed in this part are within Hoffman's categor- 
ies. A representative sample of models which have been developed and 
applied to analyse the energy system in - order to generate necessary 
forecasts for its planning are surveyed. The objective of this 
survey is just to emphasise the structure, assumptions and methodolo- 
gies employed in the different models. The point to be noted is that 
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the selection of models is absolutely arbitary and not meant to be 
exhaustive. It does not imply, in any way, that the models surveyed 
are superior to some other models which are not discussed and of the 
same generic class. 
2.3.1 The Sectoral Models: 
Energy models incorporated under this category are structured to 
analyse some specific aspects of energy. More precisely, it covers 
the supply or demand for particular fuels or energy forms or for 
total energy. In all cases, sectoral models focus on either the 
supply or the demand side of the market. As referred to in (2.2), 
different techniques are applied in the energy modelling area. As 
for the sectoral models, econometrics, simulation and optimization 
techniques characterise this group and cover the demand aspect of the 
market. These techniques are used to analyse the factors which 
determine the demand level and generate forecasts for future periods 
given some estimates or expected growth rates of the variables that 
are exogenous to the model. These variables are mainly prices, and 
any other measurement of the energy market size such as population. 
GDP, disposable income ... etc., together with other variables 
describing policy aspects or development and growth targets. Process 
analysis and optimization techniques are normally used in supply and 
capacity expansion models. 
This part presents selected examples of the sectoral models with 
different techniques used in structuring this group of energy 
models. - 
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Hui S. Chang and W. S. Chern (27) developed a dynamic simultaneous 
equation model of electricity demand in the manufacturing industries 
in the U. S. on a disaggregative base, to account for different energy 
consumption patterns within the industries. The model is based on 
the idea that the behaviour of a firm can be better described by 
using a cost-minimizing model where the input demand function derived 
from it, reflects the relationship between the input and output of 
the firm. This assumed that technology, energy and labour as input 
in the production function are weakly separable from capital and 
material inputs, and that factor prices and the output level are 
exogeneously determined. Adopting a partial adjustment approach to 
account for both short-run and long-run responses of electricity 
dema to changes in the explanatory variables, they presented their 
demand function as: * 
Etz Aa0+Aa1 Zt+ Cl -A) Et-1 +AU1t (1) 
where: 
Et: observed electricity demand 
X: the coefficient of adjustment 
Zt: is a vector of the demand determinants namely, output, 
prices of electricity, oil, natural gas, coal and the wage 
rate. 
* Equation (1) was first specified in a log-linear form, but owing 
to the difficulty, of specifying the rest of the model in a 
non-linear- form, the 'demand, equation was specified in a Linear 
form so that the solutions for all the industries could be 
obtained. 
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As the electricity industry normally used a declining block-rate 
pricing system, the authors pointed out that estimating the demand 
function using ordinary least squares (OLS) will result in a biased 
and inconsistant parameter. This is due to the inter-dependency 
between the quantity demanded and the price charged, which is, in the 
electricity industry case, a series of rates rather than a single 
price per (KWh). Therefore, they introduced a price equation where 
the price of electricity is determined by the electricity consumed 
(E), the ratio of industrial to total sales of the industry (RE) and 
a dummy variable (D) to account for the possible effect of the oil 
price increase after 1974. This was calculated on the profit margin 
of the electricity industry, and the average cost of producing and 
distributing electricity (K). The price equation was introduced as: 
PEj - fj (Ej, RE, D, K) (2) 
where: 
PEj: average price of electricity paid by consumer j. 
Realising that in order to maintain a profit margin, any changes in K 
have to be passed on evenly to all users (including residential and 
commercial and not just industry), they set the price equation 
finally as: 
(PE j- Kt) - $0 + 61 Et + $2 REt + $3 Dt+ U2t (3) 
As noticed from the description of the models, econometric techniques 
are employed with simulation processes for the forecasting phase of 
both electricity demand and price during --(1977-1990), which is a 
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fairly long period. The resulting forecasts will be conditional on 
the realization of the assumptions made for the exogenous variable. 
An attempt to avoid this drawback is embedded in Samouilidis' model 
structured to estimate the demand for energy in Greece using 
basically an econometric approach but integrated with an optimizing 
process to work as a filter to the econometric forecasts. 
J. Samouilidis and J. A. Pappas (21) presented a model for final 
energy forecasting, based an a refinement form of the classical 
econometric techniques. The model is formulated with a feed-back 
loop concept and assumes the existence of a closed-loop system 
between energy demand and economic growth as shown in figure (2.2). 
Figure (2.2) 
The Closed-Loop Energy Forecasting System 
ýýýý 
Model: gives energy ENERGY. 
demand as f (inputs) DEMAND 
Energy Prices 
Economic Activity Behaviour of the 
Life style parameter economic system 
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Samouilidis and Pappas' forecasting model consisting of two major 
components: a set of econometric models, and a Goal Programming 
model. The basic process in the model is forming an energy require- 
ment matrix by analysing energy demand in the major consuming sectors 
for each fuel, with the coefficient aij in this matrix referring to 
the demand of the ith fuel by the jth consuming sector. The demand 
levels, for each sector from each fuel, were estimated through the 
first part of the model i. e. the econometric model. Demand was 
expressed as a function of some explanatory variables determined by 
using different demand theories. The different theories were 
specified (for each demand level), estimated and then evaluated to 
select the most appropriate one for each demand category*. The 
initial forecasts were calculated using the traditional scenario 
approach for future paths of the explanatory variables in the 
econometric model, together with the estimated parameters. These 
preliminary forecasts were then purified or reformed in the second 
stage by accounting for factors that could not be included in the 
model's specification. These were the "information exogenous to the 
econometric model", such as the energy policy, technical constraints, 
and guesses about future values of some parameters such as income 
and price elasticities. These variables were grouped in the form of 
constraints and used in the Goal Programming model as illustrated in 
* The demand models that were tested in Samouilidis' integrated 
model were: models of classical theory of demand, energy 
intensive models, models of fuel share, models related energy to 
capital formation and models relating energy to physical 
variables. 
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Figure (2.3). 
The "information integrator", Goal Programming model was specified 
as: 
An objective function to: 
Minimize the total sum of the deviation variables. 
Subject to a set of constraints: 
1. Energy demand goals. 
2. Share of each fuel's goal. 
3. Energy demand bounds. 
4. Share of each fuel bounds. 
5. Identity equations for the interconsistancy of the fore- 
casts. 
The optimal solution of the Goal Programming model generates 
scenarios of energy demand. 
The integrated forecasting model presented here combines both econo- 
metric and optimization techniques and so helps in relaxing the 
"stable economic structure assumption" underlying the conventional 
econometric forecasting as was presented in the H. Chang and W. Cherm 
model. 
The possibility of substitution between different energy forms is an 
important factor in energy demand studies. Samouilidis' model though 
accounts for the restrictive assumption of econometrics, ignores the 
substitution possibility between energy forms. Kraft and Kraft, 
accounted for this important point and used the same econometric 
technique but combined with a simulation process. 
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Figure 2.3 
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Their model is a simulation model for energy demand in the household- 
commerical sector and the industrial sector using an econometric 
approach. The model is structured to capture total consumption of 
energy and the competition among all forms of fuel consumed. 
Consequently the estimated model is a multiple-logit model with fuel 
choices used as an explanatory variable in order to consider a range 
of fuel choice which satisfied the total energy consumption of each 
sector. The objective is to estimate the demand for energy* in 
aggregate and the possible fuel substitution in the residential- 
commerical sector and the industrial sector in the U. S. A. The model 
solves an energy demand equation for each sector first, and then 
divides the total demand into fuel shares. 
For the industrial sector, total demand for energy, as the sum of 
both electricity and fossil fuel demand, (SD) is estimated in a 
double logarithmic form as a function of weighted average price of 
all prices of fuels consumed in the industrial sector (WAP). Each 
price is weighted by the share of its fuel lagged one year, the total 
demand variable lagged one period and the potential demand for fuel 
used in the sector (PD) to provide a stock adjustment between actual 
and potential demand as follows: 
In SDt - ao + ß11nWBPt + 02 lnSDt-1 + ß3 lnPD + Ut 
where: 
* The energy forms used in the model are electricity and fossil 
fuels: coal, natural gas, kerosene, distillate fuel, liquified 
petroleum gas, still gas and petroleum coke. 
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PDi = Yi (Y) 
assuming that the energy output ratio (Yi) ' times the index of 
manufacturing output is an approximation for potential demand. 
To partition the total demand (SD) into fuels, the authors used Theil 
multinominal logit model. Each market share is computed as the total 
BTU's of fuel; relative to total BTU's consumed in the sector and 
based on relative fuel prices, potential demand for electricity and 
potential demand for fossil fuel and lagged values of fuel shares. 
The partitioning is done in different stages. First, total energy 
demand for the industrial sector is partitioned into electricity and 
fossil fuel demand as follows: 
In (RE/RF)t - al + ßl In (EP/FP)t + ß21n (TE/TF)t + Ut 
where: 
RE, RF: are shares of electricity ondfossil fuels respectively. 
EP price of electricity 
FP : weighted average price of fossil fuel prices. 
TE, TF: are potential demand for electricity and fossil fuels 
respectively. 
In partitioning fossil fuels, a series of multiple logit models are 
estimated for each fuel share normalised with respect to bituminous 
coal (RB). The shares were expressed as a function of relative price 
ratios and'lagged value of the fuel shares as follows: 
In (Ri/RBt) = a, + ß11n (Pi/PB)t + $2 (Ri/RB)t: l + Ut 
where (i) stands for natural gas, residual fuel, distillate fuel, 
still gas, kerosene, LPG and petroleum coke. 
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The same approach was used for the residential-commercial sector with 
some differences: (a) the explanatory variables used in the demand 
function were: prices, the capital stock of housing and real dispos- 
able income in 1958 prices; and (b) in the share models the 
electricity and fossil fuel demand were estimated directly from total 
demand without an intermediate sharing between electrcity and fossil 
fuels as the choice in this sector is normally between electricity 
and each of the individual fossil fuels. They used the same share 
models but normalized with respect to electricity. 
To test the performance of the models, the total demand model and the 
series of share models were combined and solved simultaneously for 
each sector. 
Kraft and Kraft's model presents a great deal of disaggregation, as 
each sector is analysed separately beside the disaggregation between 
the different fuels consumed by the sector. 
The previous models, although structured for the same purpose, namely 
estimating energy demand, used different approaches but based on the 
same technique, "econometric", with either optimization or simulation 
process integrated with it. The following energy model is addressed 
to the same purpose of estimating energy demand but applies 
acompletely different approach. 
B. Chateau and B. Lapillonne (22) forecasted the energy demand'in the 
French economy based on a system analysis approach. They analysed 
the energy demand of a socioeconomic system and used the scenario 
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methods to describe its development. The model's main objectives 
were to structure the different kinds of relations (political, 
economic or technological) which exist between the economic growth of 
the French economy and its energy consumption. The novelty of their 
approach was the integration of system analysis and simulation in 
forecasting energy demand on ground that for long term forecasting, 
traditional econometric models are not appropriate as they are 
restricted to forecasts for a period over which the effects of 
structural changes can be considered as marginal. They described 
their approach as being between the energy analysis approach and 
econometric techniques. A detailed analysis was carried out for the 
major energy consuming subsystems (heavy industry, space heating) 
while econometric forecasting was applied for the other subsystems. 
The system analysis was used for the energy demand of the 
socio-economic. system in three hierarchical steps: firstly, they 
divided the whole socioeconomic system into a set of subsystems 
according to their economic function in the system and the type of 
energy they used. The subsystems were then aggreggld into 
homogenous groups in a form of energy module in order to analyse 
their demand growth in an aggregated way. Secondly, a set of the 
factors which affect energy demand in each module were determined 
together with the inter-relationship between them and used as a 
framework for the simulation model*. Thirdly, simulation submodels 
were constructed for each module and aggregated in an overall simula- 
* The factors used are prices, technological changes, decision 
maker's policy and some other political, organizational, macro- 
economic and social variables. 
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tion model. Figure (2.4) illustrates the structure of the modules in 
general. The simulation model used for forecasting is based mainly 
on the system structure, but after being simplified. Qualitative 
factors (political and behavioural) were characterised by indicators 
which can be quantified e. g. government policy in transportation is 
characterised by the rate of investments allocated to the rail or 
road infrastructures. The factors which could not be quantified were 
excluded from the model. For more simplification, they used 
assumptions and treated as exogenous all the factors whose growth 
rate is complex or uncertain. For the actual simulation, an overall 
scenario includes the socioeconomic scenario and the assumptions of 
the exogenous factors was set, and the scenario path was specified, 
using assumptions regarding the evolution of the scenario 
components. Two contrasted development scenarios were applied to the 
French economy to determine two values which the French energy 
consumption might lie between in the year 2000. The first is a trend 
scenario assuming no change in the system's main determinants, the 
second represents a break with the past trends and assumes different 
expected changes. 
The model as described, is rather a complex model where many 
variables, data and assumptions have to be handled in a complex 
simulation framework. However, the model allows a great deal of dis- 
aggregation of the energy system which is, no doubt, very useful in 
analysing and forecasting the total energy demand of an economy. 
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Figure (2.4) 
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2.3.2 Energy System Models: 
The demand for energy has long been the driving force in the develop- 
ment of energy technology and the evolution of an energy economy. 
Sources of energy were cheap and available and the problem was how to 
estimate their expected demand. Now the situation has changed. The 
supply of certain fuels might not meet the demand levels, and so the 
need was created for more detailed evaluation of the whole energy 
system; its prospective demand levels and supply availabilities, 
which lead to the evolution of the energy system models. 
The main objective of this group of models is the analysis and 
modelling of the overall energy system including supply and demand 
sectors, as well as all fuels and energy forms. Much of the initial 
work in this area involves the construction of an overall energy 
balance where estimates of demand and available supplies of energy 
are matched. Another methodology applied to this group of energy 
models and satisfying the inclusion of both supply and demand 
considerations is the process type techniques where a network 
analysis is employed to represent technical details and capture the 
interfuel substitution possibilities. Normally, these process type 
techniques are used with optimization or simulation techniques as 
they do not stand, by themselves, for more than a descriptive 
framework of the available information and options concerning the 
energy system. This technique is applied to the energy system models 
in the form of a "Reference Energy System" or RES, as previously 
referred to in section (2.2). 1- 
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In the remainder of this part, some models are displayed as examples 
of the modelling effort in this group. 
K. C. Hoffmann (28) developed a unified framework for planning the 
whole energy system of the U. S. A. using a linear programming 
technique. The general structure of the model assumes' (n) 
alternative supply categories and (m) demand categories which 
together provide an (nxm) possible supply-demand combination or flow 
of energy. Solving the model, generates an optimal supply-demand 
configuration of the overall energy system subject to exogenously 
specified constraints on resource availabilities, demand requirements 
and environmental considerations*. The model portrays the whole 
American energy system following the process analysis techniques and 
employing a RES networkformat. The network is then quantified with 
the actual energy flows for the year 1969, from the different sources 
of supply through conversion and delivery activities to end use 
categories. In the optimization stage, the energy system diagram was 
transformed to a simpler structure in the linear programming model. 
For example, although the energy system diagram, which portrays the 
actual flow of the energy system, shows that some energy resources 
could be trans-formed to electricity or several other general purpose 
fuels, this has been incorporated in the linear programme as 
* The model included 13 supply centres and 15 demand categories 
and the impact of new technological changes such as non-electric 
airconditioners, an electric automobile and fuel cells, by using 
a set of supply demand constraints estimated for the year 2000. 
- 78 - 
alternative supply categories subject to a resource constraint. 
The classical transportation problem is the base underlying the 
model. An intermediate energy form has to be sent from the supply 
point (n) to the demand point (m) through an optimal route by 
considering the cost and environmental impacts for each unit of 
energy passing through each (nxm) possible path. 
For any given path (j), a resource (Su) is converted to intermediate 
energy (Xj) at an efficiency (euj). In turn, the intermediate energy 
form is used in demand point (Dv) at an efficiency (dv j) .A cost of 
(C3) and a set of environmental effects, included in*(fj) are also 
defined, per unit of intermediate energy form. 
Figure (2.5) gives a graphical representation of Hoffman's model. 
The general mathematical form of the linear programming model is: 
Minimize 
P 
jE1 ci xi 
Subject to 
P1 
E1 4, u-j xj gu u-1,..... n 
P 
JE1 
dvj xj - Dv v=1,..... m 
P 
ýE1 fwj x3 ` Bw w 82 
1,..... 
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Figure 2.5 
Graphical Representation of Hoffmann's Linear Programming Model 
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- 80 - 
and the non-negativity condition: 
xi .. 0 
where the R equations include the environmental constraints and 
other groups of constraints that reflect the technical features-; of 
the energy system and have an effect on the energy flow*. 
Although Hoffman's model represents the whole energy system in a 
static structure which is not consistant with reality, and treats the 
energy demand as exogenously given, which is clear from the descrip- 
tion of the model, the author argues that these two requirements are 
included and accounted for implicitly in his model. The desired 
dynamic characteristic could be attained by applying the model to a 
series of incremental periods. As for the exogenous treatment of 
energy demand, he argued that the demand constraints are not 
specified in quantities that have to be met but rather in an end use 
base; such as the number of households to be heated or the tonnes of 
iron to be produced and so on. Since this demand could be met with 
different energy systems, each with different efficiences and costs, 
they will be competing in the optimization solution of the model to 
cover the demand levels. This will allow - indirectly - for the 
possible substitution between fuels which will account explicitly for 
demand elasticity. The model as described is a combination of 
* These technical features were specified in the model as off-peak 
constraints, energy balance constraints, storage " balance 
constraints and demand constraints. For further details about 
these technical aspects see (28). 
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process analysis and optimization techniques. In spite of Hoffman's 
defence, it is still important in an energy system modelling exercise 
to account explicitly for the demand side of the system especially 
with the current changes in the energy market structure which make 
the exogenous treatment of the demand for energy unrealistic. 
The M. Carey, S. C. Littlechild, P. G. Soldatos model (29) is another 
example of an energy system optimization model but using a different 
structure and applying a more disaggregated framework in modelling 
the energy system. The authors introduced the "Birmingham Energy 
Model" incorporating the overall British energy system, and all fuels 
from both their demand and supply aspects. The model is an optimiza- 
tion model with a quadratic objective function to maximize the net 
present value of energy production and consumption, i. e. to maximize 
the difference between the expected benefits of energy consumption 
and the capital and operating costs of supplying energy to cover this 
consumption. The optimization process is carried out, subject to a 
set of constraints; demand, peak capacity of electricity, capacity 
and reserves constraints. The solution of the model determines the 
optimal production and investment policy which minimizes the present 
value of production and investment cost. The model works under some 
assumptions: (1) the supply side is represented by four fuels: coal, 
oil, gas and electricity where coal, oil and gas could be used as a 
final demand or to generate electricity; (2) coal can be used to make 
synthetic oil or gas and uranium is used in nuclear energy; (3) there 
exist ten different processes to produce energy; and (4) imports and 
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exports of gas, coal and oil are allowed. The time horizon of the 
model consists of nine periods each of five years, i. e. the model 
covers the period 1976 to 2021. 
The general structure of the model could be simplified as follows*: 
The objective function: 
is to maximize over a 45 years horizon the consumers' benefits 
from different fuel consumption as reflected in the demand 
function, minus the costs of meeting this consumption either 
from domestic sources or from imports. 
Subject to the following constraints: 
1. Supply equals demand: 
output of each fuel final demand + any requirements of using 
for the fuel the fuel to produce any 
other fuel. 
2. Production capacity: 
The output of each process 
3. Capacity to meet peak demand: 
The peak capacity of a fuel 
4. Reserves constraint: 
Production of oil and gas 
5. Distribution capacity constra int: 
the capacity of the process. 
peak demand for that fuel. 
oil and gas reserves. 
* As the mathematical equations of the model include too many 
details and notations, only a short general description of the 
elements of the model and its overall structure As given. For 
further details on the model's mathematical form see (29). 
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Distribution capacity peak demand for gas and 
for gas and electricity electricity. 
6. Importing/Exporting constraint: 
Imports/exports capacity for gas 44 available capacity. 
The Birmingham model as briefly presented is a large-scale planning 
model for the British energy sector. It is presented in a dis- 
aggregative way, fuel by fuel and from both aspects; demand and 
supply. This, in fact, widens its scope and makes it difficult to 
get any details in specific areas which is normally the drawback of 
large energy system models, where the whole complex system is 
structured in one model which cannot be but a simplification of 
reality. This point could be attended to by using different models 
for each major aspect of the energy system to maintain the desired 
detailed analysis. The modules could then be integrated in an 
overall framework to account for their possible interaction. 
The other point to be noted. is that the model does not include any 
demand function. The energy demand estimates are taken as given 
assuming they are exogenously determined. The 1975 fuel demand is 
used with a growth rate of 3% per annum. This point, as noticed in 
Hoffman's model too, impairs the power of the energy system model. 
The model has no role in deciding a price policy for the sector. The 
price of each fuel is set as equal to the marginal opportunity costs 
of increasing its supply. This point, as the author argued, diverted 
the consumer, through the model solution, towards cheap fuels and 
away from expensive ones. This, they argued, could be the setting 
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for a price policy. The energy prices could be set at a level to 
cover the expenses of investment in production, with the shadow 
prices representing the marginal opportunity cost. The last point is 
that planning for a period as long as 50 years and in the energy 
field where variables are acting in a market of extreme volatility 
and subject to continuous change, involves a high degree of 
uncertainty. 
U. Schöler (30) developed a dynamic comprehensive energy model for 
the Federal Republic of Germany (FRG). In this model a dynamic 
simulation approach is used to cover the drawback of a static linear 
programming model as in the ones developed by Hoffman and M. Carey 
and others. The main objective of the model is to investigate 
alternative long-term energy strategies, not as forecasts but in the 
form of "if .... then" information which is what the simulation 
approach is after. 
The model incorporates four modules linked together in a closed-loop 
approach, and consequently allows for more details than a whole large 
scale energy system model as shown in Figure (2.6). The Macro- 
economic module is constructed to provide the energy demand module 
with the necessary information such as population size, average 
disposable income per capita, ... etc. needed to estimate final 
energy consumption. To provide this information the model is divided 
into five sub-sectors: (1) the employment and population sector 
provides population and employment data; (2) the investment sector 
generates capital stock from gross investments and depreciation; (3) 
in the output sector, the contribution of each sector in GDP is 
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Figure (2.6) 
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specified using a Cobb Douglas production function with the number of 
employees and the capital stock generated from the other two 
sub-sectors; (4) the intermediate demand between the production 
sectors is determined in the demand sector from an input-output 
matrix; and finally, (5) the expected future demand drives the 
investment level which in turn changes the final demand and the 
capital stock. In the energy demand module, final energy demand is 
calculated for four industrial sectors: the petrochemical, 
commercial, the household and transportation sectors. Further 
sub-divisions are made within the individual sectors to account for 
any structural changes within the consuming group. The demand model 
works through a correlation formation which determines the demand 
levels for each sector as: 
energy demand -f contribution of sector i 
in sector i in GDP 
Then, the contribution of each fuel in the total sector's demand is 
given by market shares equations as exogenously determined para- 
meters. In the household sector: 
energy demand 'f housing space, average disposable, popula- 
for space heating per capita income per capita tion siz 
In the transportation sector, a distinction between goods and 
passengers' transport is made and the demand functions estimated as: 
energy demand afr industrial gross value added 
in goods transportation L 
passenger's transport -f 
rpersonal disposable, population 
demand for, energy income size 
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The energy supply module, in turn, provides the estimation of primary 
energy consumption needed to meet final energy demand, and also feed- 
back to the macroeconomic module. These include indicators such as 
employees, investment and contribution to GDP from the energy 
sector. For each of the 14 energy forms used in the model, a balance 
equation is specified in the form: 
di + mi - ei - bi + Si - Pi a Fi + Li +U ja - Qpi + Cj, i) 
where primary energy consumption Pi s 
indigenous production di + imports mi - exports ei - bankers 
operations bi + change in stock Si) from one hand and: 
final energy demand Fi + distribution losses Li + of energy 
inputs Ij, i - output Qj, i + the selfconsumption Cj, i 
overall processes j from the other. 
The model specifies the indigenous production of primary energy such 
as coal, lignite, oil and N. G. by their total demand which is 
determined for each form as: 
Total demand final energy + exports + bankers + distribution 
for energy demand losses 
form (k) 
t inputs in all + self consumption 
conversion processes of the energy sector 
Therefore, primary energy demand, domestic energy production, 
imported energy and the share of individual conversion systems in 
meeting final energy demand are calculated in the model as a function 
of final energy consumption which is determined in the energy demand 
module. Total emissions due to energy production conversion and 
consumption are finally determined within the environmental module. 
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The model as described facilitates considering the whole loop: macro- 
economy, energy demand and the energy supply with the environmental 
effects. It provides enough details for each of the four major 
aspects of the energy system, and incorporates a proper demand 
function in its structure, but it has to work on an inter-active 
process base, where a number of model runs have to be completed 
before deciding the optimal balance strategy. 
2.3.3 Energy-Economic Models: 
In this group of models, the energy system is analysed with respect 
to its interaction with the overall economy. The main objectives of 
energy economy models is to analyse the role of energy as a driving 
force and constraint, in some cases, on economic development. This 
is based on the assumption that the costs and availability of energy 
have significant short and long-term impacts on the economy. In this 
modelling activity, the energy system models are integrated with 
models of the overall economy, such as macroeconomic and input-output 
models or using an optimization approach to integrate both aspects, 
as will be shown in the rest of this section. 
The Brookhaven Energy-Economy Assessment Model (BEEAM) (31) is one of 
the models which could be categorised under this group, and is 
designed to assess energy economy inter-action in developing 
countries. BEEAM consists of three linked submodels: (1) an inter- 
industry maxtrix, (2) a Reference Energy System (RES) and (3) a 
simple macroeconomic growth model as shown in Figure (2.7). 
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Figure (2.7) 
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The inter-industry matrix is the central part of the model, and 
incorporates considerable details for the energy sector. The basic 
accounting equation in the matrix is 
AX+Y-X 
where: 
A: a matrix of technical production coefficients obtained by 
dividing each input to the industry by its output. 
x: a vector of gross domestic output. 
Y: a vector of final demands - GDP 
Using the Leontief Formula: 
X= (I - A)-1 Y 
where: 
I: is an identity matrix consisting of I's on the main diagonal 
and zero elsewhere. 
Although an input/ouput (I/O) framework is used, the treatment of 
energy in this framework differs from the conventional I/O tech- 
niques, in that the energy sector output is expressed in physical 
units (BTU, Joules, .... etc. ). The output of the energy supply and 
conversion sector are also . distributed to non-energy sectors using 
dummy or artificial energy product sectors. Projection process, for 
the reference years using the inter-industry matrix, requires the 
specification of final demand Y for the projected year. The vector Y 
contains an element for each sector. -in the matrix. Each element 
represents consumption, investment, government purchases, net exports 
and inventory changes for each sector.,: Solving the matrix provides 
estimates. for the economy's output and value added. The deficiency 
of assuming a constant technology structure for the economy has not 
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been handled, but the model refers to the necessity of applying 
careful judgement to modify the technical coefficients for future 
years. 
The analysis of the overall energy system is carried out in the 
Reference Energy System (RES) where energy demand, conversion 
technologies, fuel mix and the resources required to cover the energy 
demand are specified. This, together with all costs and 
environmental emission, is related to each element in the system. 
The RES is simply a network diagram which is used in most energy 
system's models to indicate the energy flows inside the system. It 
is driven basically by a detailed energy demand sector as an output 
of the inter-industry matrix. 
In the macroeconomic growth model, the growth rates in value added, 
derived from the inter-industry matrix solution, are used to 
calculate the balance for some important economic indicators. These 
include saving, investment, exports, imports and capital flows. The 
macroeconomic model works as a simulation model and is structured on 
the base of the "Two-Gap" model of trade and development with some 
modifications. Therefore, it is not a predictive model, it just 
helps in tracing, the macroeconomic effects of alternative policies. 
There is a strong link between the macro model and the inter-industry 
matrix represented' in the sectoral growth rates of value added which 
is used in the growth model to provide requirements for investment, 
imports, ...... etc. The sum of value added in'-all sectors ( Yi) is 
equal to the gross domestic product GDP i. e. 
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ZYi - GDP 
Fixed investments (IF) is calculated as: 
IF - aY+ßn Y+K 
where: 
K: investment not related to changes in income e. g. 
investment in roads. 
a, $ : are parameters to be estimated econometrically or 
calculated as an average from historical series. 
Imports are treated as exogenous to the model and provided by the 
inter-industry matrix solution (final demand vector), but should not 
be taken as constant because many factors such as government 
policies, the role of the private sector and the desired economic 
growth may affect their elasticity in the future. 
Exports. are taken to be exogenously determined too, but with the 
consideration that the growth in any commodity's exports has to be 
within the growth rate of the sector producing it. 
Government consumption is also assumed exogenous. Finally, by 
converting GDP at factor cost to GDP at market prices, the effects of 
indirect taxes and subsidies are assessed. 
Hudson-Jorgenson (19) introduced a neoclassical model within the same 
framework of the (BEEAM) model but combining econometrics and input- 
output techniques. The model provides specification for the 
production and price relationship and hence captures the feedback 
mechanism from energy to the economy, and analyses the inter-actions 
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between energy and economic growth. The model is a combination of 
input output analysis and econometric forecasting in an aggregated 
energy analysis framework. 
An econometric model is used to estimate long-run demand for each 
sector in the economy, while the input output model is used to 
predict supply. Combining the two models determines the price and 
quantity which clear the market. The general structure of the model 
is divided into two main sub-models: The macro-growth model which 
analyses the entire economy considering the energy sector as one of 
the interdependent sectors of the economy. Each sector gets the 
primary inputs from imports, capital and labour, and produces final 
demand which is distributed over personal consumption investment, 
government purchases and exports. The inter-industry model deter- 
mines the output prices and input output coefficients, and is 
structured as follows. 
An equality condition between demand and supply for each sector as: 
XI = Ei XIJ + YI I, J = 1,. 00009 
where: 
XI : domestic availability of industry I. 
XIJ : intermediate demand for the output of industry I by 
industry J. 
YI : final demand for the output of industry I. 
An accounting identity is specified between the value of domestic 
availability of an industry and the sum of intermediate input to the 
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industry, value added in the industry and the imports of competing 
products as: 
PI * XI -3 Pj * XJI + PK * KI + PL * LI + PRI * RI 
where: 
PI : price of output of industry I. 
PK : price of capital services. 
PL : price of labour services. 
PRI: price of competitive imports of the output of industry I. 
PRI : price of competitive imports of the output of industry I. 
LI : quantity of labour in industry I. 
KI : quantity of capital in industry I. 
Price possibility frontiers for all sectors is also incorporated in 
the model. For each sector, the price possibility frontiers are 
derived from the price possibility frontiers for each of the three 
price models used to analyse the production structure as follows: 
a. Price of output -f (PK, PL, PE, PM) 
where: K, L, E, M are capital, labour, energy, material inputs 
respectively. 
b. Price of aggregate energy =f Prices of different types of 
input in each sector energy forms used 
c. Price of aggregate non- 
=f (Prices of non-energy inputs) 
energy input in each sector 
The input output coefficient for each sector is determined from the 
inter-industry matrix as a function of prices of primary inputs and 
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prices of output. The innovation of the model is the treatment of 
the input-output coefficients as endogenous variables instead of 
following the conventional input output analysis and using the co- 
efficients, i. e. the technology in each sector, as fixed parameters. 
Given the input output coefficients for all sectors, the model 
estimates the level of output for each sector, given any level of 
final demand. 
The model as described provides detailed projections of energy 
demand, supply, price, cost, imports and exports. These projections 
measure the effects of an energy policy on the economy by comparing 
the magnitudes of these projections when using a specific energy 
policy with the projections realised otherwise. 
H. Ogawa and M. Uchida (32) is another example of a disaggregated 
energy-economy model. The model is structured to test the impact of 
future energy supplies on the Japanese economy and the structure of 
the country's energy system. The model incorporates 3 sub-models: 
an economic model, energy demand model, and an energy supply model, 
as shown in Figure (2.8). 
The economic model is based on the neo-classical growth theory to 
estimate the long run growth paths of the Japanese economy, as the 
demand-determined Keynesian theory provides predictions for short run 
only. The model is constructed as a multi-sectoral growth model, 
where the economy is divided into sectors, and each sector into 
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Figure (2.8) 
(32) 
Inter-relations among the energy models 
ENERGY SUPPLY MODEL ENERGY DE ECONOMIC 
MODEL II MODEL 
Non-Nuclear sector 
1 TI 
Nuclear sector 
(Lines indicate data flow) 
further subsectors. In the production function, the long term limits 
to growth are determined by the supply of capital assuming that 
labour is fully employed. The supply of capital is dependent on the 
saving behaviour of all economic units. In other words, the model 
consists mainly of a production function and a saving function with 
equilibrium being achieved by balancing saving (S) and investment (I) 
in an identity as: 
S+M=I+E 
where: 
M and E are imports and exports respectively. 
Therefore: 
S-I+ (E - M) 
where savings (S) equal investment (I) plus international balance of 
payment (E - M). The long run growth path is determined by achieving 
both domestic equilibrium S-I and international equilibrium 
(E - M). Besides the production and investment blocks, the model has 
an export, . 
import, wage-price function, money supply' function and a 
number of identities to guarantee the consistancy of the system, and 
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are solved as a non-linear simultaneous equation. In the energy 
demand model, the output of the economic model, such as sectoral 
production, employment and disposable income are used to calculate 
net energy demand*. This is the amount of energy which is effective- 
ly used in the economy's main energy consuming sectors, namely 
industrial, transportation, commercial and residential sector. The 
supply model determines the optimal structure of the energy supply 
system. It is divided into a simulation model for the nuclear supply 
sector and an optimization model for the non-nuclear supply sector, 
which together determine the structure of the future energy supply 
system, using some exogenous conditions and constraints. 
J. Samouilidis' energy model (33) for the Greek economy (GRESOM)** 
is an example of an integrated energy-economy model for a fast grow- 
ing economy like that of Greece. It consists of a set of modules to 
analyse the overall energy system: demand and supply sides and their 
impacts on the Greek economy. The model incorporates four main 
models as shown in Figure (2.9). The energy demand model*** combines 
econometrics and optimization techniques to provide forecasts of the 
energy demand for twenty sectors in the economy using different 
demand theories. The growth rates of gross national products, the 
* The "net energy demand" term is used in the model because of the 
dependency of Japan upon foreign energy sources for nearly 90% 
of its requirements, with petroleum standing for 75% of all 
energy used. This creates the need for a thorough examination 
of the efficient use of energy in the consuming sectors to 
project the implications on unsecured future energy supplies. 
** GRESOM: Greek Energy System Optimization Model. 
*** The detailed description of this model has been reviewed on 
p. 67. 
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Figure (2.9) 
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percentage share of the industrial sector in GNP, and the shares of 
energy intensive industry in total industrial production , and the 
exogenous crude oil prices are used to generate the scenarios which 
drive the model. The energy economy model is structured assuming 
that the economy is assumed to consist of three sectors: (1) an 
energy importing sector, (2) an energy producing sector, and (3) the 
rest of the economy. The main assumptions underlying the model are 
that: (a) the economy's output follows a production function 
equation; (b) prices are set equal to the marginal productivity of 
each factor of production on the assumption that the economy is a 
competitive one in equilibrium; (c) the supply of capital and labour 
is perfectly inelastic; and (d) all energy used is imported. The 
energy economy model is specified as: 
dy/dp = -E (1) 
Ea AY nP (2) 
where: 
Y: Net national product. 
P: Price of energy. 
E: Consumption of energy. 
q, e: Are income and price elasticity respectively. 
A: Constant. 
By solving equation (1) and using equation (2), the net national 
product Y and energy E are specified using the price of energy as the 
single independent variable, as: 
Y=l( 
i-n+ 
A(1 n) (P 
i-E 
R 
e 
n 1_£ 1_e nii-n E_y+ -A(1-n) (P Pj P-e 
L ýý o 
- 100 - 
The energy system model is a dynamic linear programming model with a 
planning horizon which covers 35 years, starting in 1980 and ending 
in 2015. This period is divided into four periods, to give the 
linear programming model a dynamic structure, with the concern being 
for the first three periods and the fourth period playing the role of 
a "buffer". The model includes two types of decision variables: the 
strategic-structural variables, which represent new capacity or 
expansion in the existing capacity, e. g. refinery capacity or gas 
pipeline; and are associated with investment costs. Tactical- 
operational variables representing the utilization of the capacities, 
e. g. produced electricity, distributed natural gas ... etc., which is 
associated with operational costs. The objective function of the 
linear programming model is structured in three alternative forms to 
be used one at a time in an optimization framework or simultaneously 
in a goal programming exercise. The three functions were to be 
minimized using their net present values after applying a proper 
discount rate. They are: (1) the total costs extending over the 
planning horizon, (2) the quantity of primary energy- consumed, and 
(3) the quantity of imported energy. 
The growth model works on the output of the energy system model where 
a control theory technique is used to link the growth model to the 
energy economy model*. 
The Project Independence Evaluation System (PIES) (34) is another 
* The growth model was still in the early conception stage, so the 
author did`not give sufficient details of it. I 
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example of an energy economy model which combines supply industries 
and demand categories and economic indicators in an integrated frame- 
work. The model was developed for the U. S. A. after the events of 
1973 in an attempt to realise energy independency for the United 
States. PIES consists of four basic modules and an integrating model 
as displayed in Figure (2.10): (1) a macroeconomic model, (2) an 
industrial production model, (3) an annual demand model, (4) a supply 
model for oil and gas and (5) the integrating model. The macro- 
economic and industrial product models generate the level of real 
output and its distribution between the different energy sectors of 
the economy to be used as input in the demand model. The demand 
model is a dynamic econometric model which is linear in logs of 
quantities and prices. It forecasts the demand for primary and 
derived energy products for the residential, industrial, 
transportation and utility sectors as a function of energy prices, 
industrial activity level, the level and distribution of real output 
and some proxies for energy consumption technologies. In the supply 
model, and for the well established producing areas, supply curves 
are derived using a detailed oil and gas supply model based on an 
engineering/process technique to estimate additions to reserves and 
production levels, given assumptions for crude oil prices, regional 
drilling programmes, required rates of return on investments and the 
projected reserve/production rate. The central component of the 
system is the integrating linear programming model which calculates 
equilibrium for. all markets- given the output of the other models as 
the estimated demand, price elasticities, supply and resource input 
requirements.., - This is done. by repeatedly- solving the linear' 
programming; model. The mechanism works simply by establishing the 
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equilibrium level of prices, production, consumption and 
transportation which minimizes the total cost of fuel extraction, 
processing and transportation, subject to a constraint that all 
demand levels must be satisfied. The output of the integrating model 
is finally used in different interpretive models where the 
implications of the equilibrium solution on the economy, environment 
and international aspects are assessed. In general, the model pro- 
vides a great deal of detail for the demand and supply levels which 
could be used as a base for inter-fuel competition analysis. How- 
ever, the static treatment of the supply side, assuming constant 
economics of scale and technological changes, and the use of the 
price of crude oil as constant over time, constrains the usefulness 
of the model. 
A. Ezzati (16) employed a completely different approach. His model 
is a dynamic, multisectoral, linear programming model for the OPEC 
optimal oil supply and price strategy*. The model considers both the 
demand and supply side of OPEC crude oil linked to the macroeconomic 
requirements of OPEC's member countries. The innovation of Ezzati's 
model is the interesting combination of econometric and optimization 
techniques in an integrated framework which incorporates demand, 
* The model is classified under this group although it does not 
cover all forms of energy but only crude oil because it was 
structured for the oil producing countries. Since energy 
economy models are an integration : between energy systems and 
economic models, Ezzati's model could be classified as an energy 
economy model integrating the crude oil system (demand and 
supply) and the macroeconomy.. 
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supply and economic considerations. 
The general structure of the model consists of: (a) an objective 
function to maximize the joint weighted social welfare function of 
OPEC member countries over time; and (b) a set of constraints in the 
form of macroeconometric models for each OPEC country linked to the 
demand for OPEC oil, non-OPEC supplies, prices, OPEC revenue and 
production of oil. The mix of econometrics and optimization 
techniques is in estimating the macroeconomic models as equalities 
and then using them as inequality constraints in the linear programm- 
ing model. This approach is useful for developing countries in 
particular, where the countries are experiencing a sudden inflow of 
foreign exchange which will naturally accelerate their growth. 
Therefore, using historically estimated equalities based on the 
structure of a period which has been completely altered will 
constrain their future economic growth. Briefly, the structure of 
the model works as follows: 
An objective function: To maximize the joint weighted social welfare 
function of the OPEC members which incorporates (a) the weighted sum 
of the OPEC members' utility function, based for each country on the 
present value of future consumption over the planning period*. (The 
weights assigned to each country are determined with regard to its 
oil reserves, population, ... etc. ); and (b) the rate of growth in 
* The discount rates used are based upon . the time preference 
concept of assigning a high discount rate in later years, 
assuming aýdiminishing marginal utility consumption. 
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gross national production in the post-planning horizon, for each 
country. 
Subject to: A set of different groups of constraints: 
1. Petroleum constraints: determines demand for OPEC oil, oil 
revenue in each country, the value of petroleum produced and 
exported, the quantity of oil produced and quantity of oil 
consumed. 
2. Macroeconomic constraints: to specify the major component of 
demand using a Keynesian framework. These constraints are 
structured to reflect the importance of the oil sector in 
accelerating economic development according to each country's 
ability to absorb this revenue. Estimating these equations 
generates investments, consumption, imports, exports, ... etc. 
3. Definitional equation: to guarantee the consistancy of the 
model. 
4. Policy constraints: which are not part of the model's structure, 
but are used as a mechanism to include energy policies and 
development policies of the OPEC members in the model. They are 
also used in sensitivity analysis by altering their values 
according to assumed alternative policies. Examples of these 
types of constraints are constraints on total investment level, 
consumption, foreign investment and so on. 
2.3.4 The Industrial Market Models 
Models incorporated under this group characterise specific or related 
energy products by analysing and modelling both their demand and 
supply. The most common techniques applied in this group are process 
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analysis and econometric models as well as integrating both 
techniques in the same model. These models provide a detailed 
analysis for a particular energy product covering the two aspects of 
its market. 
G. M. Griffin (35) developed an econometric model for the demand and 
supply of electricity in the United States, with emphasis on its use 
as a simulation tool. The model characterised the determinants and 
interactions between electricity demand, fuel inputs and electricity 
prices using a system of simultaneous equations, which specified the 
feedback effects of electricity prices on electricity demand. The 
model consists of four main blocks: 
In the demand block, electricity demand is estimated for three main 
sectors: the residential, industrial and commercial sectors using 
econometric models. The residential demand for electricity is a 
derived demand and so depends on the stock of electricity consuming 
appliances which is related, in the model, to the total expected 
costs of buying and operating the appliances and to a proxy variable 
which represents permanent income. The industrial and commercial 
sectors are the main consumers of electricity. Their demand level is 
estimated as a function of current economic activity, the real price 
of electricity and the extent of using central air conditioning. The 
conversion block, provides an identity that total generated 
electricity equals demand in each sector, less imports, plus genera- 
tion losses. The share of nuclear capacity added relative to fossil 
and nuclear' capacity additions is determined in'- this block too as a 
function of relative fuel prices and capital costs in both- nuclear 
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and fossil plants. In the fossil fuel block, demand for natural gas, 
coal and residual fuel by the electric utilities is determined. The 
demand for natural gas is not dependent on price, because the gas 
prices are not market clearing ones. Hence consumption of natural 
gas in electricity generation is determined mainly by supply 
conditions which are affected by the demand levels of other gas 
users. The electricity demand for coal is determined by the extent 
of coal's potential market, and lagged price differential between 
fuel oil and coal, with a dummy variable for sulphur emission 
control. Demand for fuel oil by the electric utilities is then 
determined as a residual. In the price block, electricity prices for 
different sectors are calculated on a kilowatt hour basis, using 
different variables related to each sector. 
MacAvoy and Pindyck (36) introduced an econometric simulation model 
for the natural gas industry in the United States in an attempt to 
measure the effect of alternative gas policies on the price of gas. 
The model consists of a set of simultaneous equations specified into 
functional modules. In the exploration and discovery model, total 
explored wells of gas are estimated as a function of previous 
revenue, previous average costs and average risk measured by the 
variance of previous success rates. The average discovery size of 
non-associated and associated gas are also determined as a function 
of past prices of gas and oil, past drilling costs and the cumulative 
number of wells drilled. To determine the extensions of associated 
and non-associated gas, separate equations are specified to relate 
the expected extensions to drilling activities and previous new 
discoveries. Finally, an accounting identity is specified to 
- 108 - 
determine additions to reserves as the sum of new discoveries plus 
extensions and revisions. The production model estimates the 
production of gas as a function of reserve base and field prices. 
The marginal cost of production depends on the relation between the 
reserve level and production level, the higher the ratio the lower 
the marginal cost. The demand model consists of a set of wholesale 
demand equations for the industrial, residential and commercial 
sectors. Demand levels are estimated as a function of some 
indicators of the market size such as population or income, prices of 
alternative fuels and the wholesale price of gas which is dependent 
on the wellhead price and a pipeline mark-up price. 
The flows of natural gas between producing and consuming centres are 
specified through a network model based on an input-output table for 
the coefficients between each producing and consuming centre, with 
the differences between the flow of production and the demand level 
measuring excess demand for gas. 
The Kennedy model (37) is another example for an industry market 
model of crude oil, but on an international, multi-commodity base. 
The model covers the activities of crude oil production, transporta- 
tion, refining and consumption of the refined petroleum products, 
such as gasoline, kerosene, distillate fuel and residual fuel. The 
model is basically an econometric/simulation model where prices and 
traded quantities of oil and refined products are treated as 
endogenous variables in a partial equilibrium framework, with the 
assumption that oil prices do not affect other economic quantities.., 
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The Kennedy model is a static, long run model which generates the 
equilibrium values of the endigenous variables depending on the 
values of the exogenous variables in the target year. This, assuming 
that past -values of the exogenous or indigenous variables have no 
effect on the equilibrium level and assuming a total adjustment to 
the levels of exogenous variables and prices in the specified target 
year. 
The model is divided into four parts: crude production, transporta- 
tion, refining, and consumption of petroleum products for each 
region*. Transportation and refining are assumed to have a compet- 
itive market and operate at a constant long-run marginal cost. The 
transportation sector is explicitly analysed with the tanker market 
determining its freight charges. 
The oil industry is analysed in the model as incorporating f ive 
commodities: four refined petroleum products and crude oil, on the 
grounds that their consumption functions have to reflect the 
behaviour of their different consumers. 
Crude oil supply, petroleum products demand levels, refining 
technology and some government policy variables are used as exogenous 
variables to determine consumption levels of refined petroleum 
products, crude oil production, equilibrium prices, refinery output 
and the trade flows of crude oil. 
* The model incorporates six regions: United States, Canada, Latin 
America, Europe, Middle East, and Africa and Asia. 
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Simulation techniques are used in the model to assess the future 
performance of the oil market in 1980 as a target year. The implica- 
tions of various policies undertaken by the important player in the 
oil market are assessed through the forecasting phase and by using 
the government policy variables. 
Conclusion: 
The previous survey of energy modelling efforts introduced several 
modelling techniques and emphasized alternative objectives for the 
models. The point to be noted is that most of these models were 
structured for developed industrialised countries. Consequently, 
though these models introduced most of the commonly known energy 
modelling techniques, none of them could be applied, in their 
existing form, to the case of Egypt. The energy-system models and 
the energy-economy models are suitable for the purpose of this study, 
namely constructing a national energy plan for Egypt. However, 
modifications are needed before applying any of these models. 
The necessary modifications have to be based on the country's specif- 
ic characteristics. Therefore, introducing the Egyptian economy and 
the energy sector which constitutes one of its important parts is 
needed before the actual specification of Egypt's national energy 
planning model. 
CHAPTER 3 
THE ENERGY SECTOR AND THE EGYPTIAN 
ECONOMY 
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CHAPTER 3 
THE ENERGY SECTOR AND THE EGYPTIAN 
ECONOMY 
Energy has long been viewed as an essential element in meeting basic 
human needs and in stimulating and supporting economic growth and 
helping to achieve a better standard of living. 
The events which have been taking place since 1973 have given rise to 
the realisation that energy resources are finite in extent and should 
be regarded as depleting non-renewable resources or assets. This new 
viewpoint highlighted the importance and emergence of energy policies 
in all countries, importing and exporting, developed and developing. 
The importance of energy in any case is the same, the only difference 
is that it is considered a source or revenue in one case and an 
expenditure element in the other. Therefore, planning and adminis- 
trating it are of equal importance. 
By the mid-1970s, the energy sector in Egypt occupied the place of 
central attention. It was no longer just the provider of fuel which 
drove the country's economic activities. It became an essential 
source of the hard currencies needed for overall development and 
growth of the economy. Therefore, the administration and planning of 
the energy sector became of the utmost importance. Before turning to 
the planning aspects, it is useful to set the stage with a brief 
overview of the energy sector and the Egyptian economy, to which the 
planning of the sector is linked. 
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This chapter presents a historical overview of the energy sector and 
the Egyptian economy, analysing the links between the energy sector 
and the economy. Finally, the energy pricing issue is discussed as 
the major factor governing these links. Then the contribution of the 
energy sector to the Egyptian economy is presented. 
3.1 The Energy Sector in Egypt: Background 
The energy sector in Egypt incorporates the petroleum and gas sectors 
represented by the Egyptian General Petroleum Corporation (EGPC) and 
the electricity sector represented mainly by the Egyptian Electricity 
Authority (EEA). 
3.1.1 The Petroleum Sector: 
The petroleum industry started out in Egypt being monopolised by 
foreign companies such as Shell and British Petroleum (BP) who owned 
a refinery representing 88% of the country's total refining 
capacity. After 1952, in the wake of the revolution, the wave of 
nationalization and Egyptianization affected the sector as well, and 
increased the role of the public sector at certain stages of the 
industry. As a result of this policy, the "General Company for 
Petroleum" was formed in 1957 entirely with national capital. During 
the 1960s, the role of the public sector increased considerably and 
the "General Authority for Petroleum" was formed to own and manage 
complete stages of the industry, namely refining, transportation and 
distribution. This was in addition to the exploration responsibili- 
ties in areas which do not need high expenditure allowances and have 
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a good chance of finding commercial quantities of oil. In spite of 
the expansion of the public sector's role in the oil industry as a 
reflection of the structural changes in the country during this time, 
the foreign oil companies were still enjoying a share in the 
industry's operations, especially in the marine fields where cost of 
exploration is high and the probability of finding oil is more 
uncertain. The agreements between the EGPC and the foreign companies 
are based on a "production sharing" system. The EGPC does not bear 
any initial risks or costs of exploration, or any at all if no oil is 
found. If oil is discovered in commercial quantities, a non-profit 
joint venture is established with EGPC and undertakes the actual 
production of oil. Twenty per cent of the oil produced is 
"earmarked" to cover the cost recovery of crude oil. If the 
actual costs are less than the amount earmarked, which is generally 
the case, the balance is repaid to EGPC in cash or in oil. The 
remaining 80% of the oil produced, the "profit oil", is then shared 
between EGPC and the foreign partner (75-87 : 25-13) according to the 
terms of the agreement. 
Therefore, the oil industry in Egypt is administered as follows: 
investments in research and, exploration are the foreign companies' 
responsibility. Development and production operations are carried 
through joint venture companies. Investments in refining and 
distribution come under the exclusive sphere of the public sector. 
Local distribution is the responsibility of transportation companies 
owned totally by the EGPC. As for the external market, Egypt sells 
its oil in the spot market. The selling prices per barrel reached 
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their peak in January-April 1981 (40.50$ Morgan Blend*) and (37$ 
Balaeem Blend) and (32$ for Ras-Ghareb Blend)**. This hike in oil 
prices, together with the expansion of production levels increas-ed 
the sector's revenues and helped it to act as one of the driving 
sectors in the economy. Table (3.1) illustrates the overall develop- 
ment of the petroleum sector in Egypt during the last ten years. 
3.1.2 The Electricity Generation Sector: 
Electricity was first introduced into Egypt in 1895. Isolated diesel 
and some oil-fire steam units were installed in major population 
areas. The supply was in the hands of the privately owned "Lebon" 
company until 1949, when the government-owned Cairo Electric and Gas 
Department took over the supply responsibilities. In 1964 the 
Ministry of Electricity and Energy was formed to consolidate all 
electricity organizations under state ownership. In 1965, the 
Egyptian General Electricity Corporation (EGPC) was established to 
own, operate and expand the public power system. During the 1970s, 
with the increase in oil prices, and the liberalization of the 
economy, the sector was reorganised through the establishment of four 
new authorities: the Egyptian Electricity Authority (EEA), the Rurual 
Electrification Authority (REA), the Nuclear Power Plant Authority 
(NPPA) and the Quattara Depression Authority***. 
* Morgan Blend is a heavy type of oil equivalent to Saudi-Arabia's 
white light. 
** The API° of the major three blends are 32.6,27.2,22.8 
respectively. 
*** The Quattara depression involves the excavation of a canal or 
tunnel generating electricity from the flow of water from the 
Mediterranean Sea into the depression. 
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The electricity generation sector is a services sector, producing and 
selling electricity to other producing and consuming sectors at a 
suitable price. Industry consumes about 70% of Egypt's total 
electric power. Agriculture, transportation and communication, 
housing, village electrification, public utilities and domestic use 
consume 30%. A quick glance at the average price of electricy sold 
between 1977 and 1979, Table (3.2), shows that the prices have been 
almost constant and follow the energy sector's general policy of 
providing the required energy to the consumers at prices lower than 
actual costs. The EEA's existing tariffs do not reflect the costs of 
supply in economic terms, because fuel is charged to the authority at 
subsidised prices and not at export value or international prices. 
Table (3.2) 
Average Price of Electric Energy Sold* 
1977 1979 
Annual average 8 8.4 
Government buildings 15.5 12.6 
Domestic and commercial (retail) 14.1 14.4 
Public utilities 10.3 10.5 
Other industries 9.8 10.3 
Municipalities and governorate (bulk sales) 99 
Agriculture and irrigation 7.4 7.6 
KIMA (fertilisers) 3.3 3.4 
Aluminium 2.6 2.6 
* Electricity prices differ not only between consumers, but also 
between the consumers of the same sector, e. g. KIMA and 
aluminium in the industrial sector. 
Source: EEA. Annual Report. 1980. 
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3.2 The Egyptian Economy: 1952-1982 
Although the main concern of this work is the planning and admin- 
istration of the energy sector, a reference to the whole economy's 
structure which defines the energy situation is needed. Planning the 
energy sector will not be properly effective if the sector is treated 
in isolation. The structure of the energy sector, as with any other 
sector in the economy, is a reflection of the economy's general 
structure. The effect of a particular sector's plan extends beyond 
its own area through the complex network of inter-relationships which 
link together the national economy. In this section, a short 
presentation of the main structural changes which have characterised 
the Egyptian economy during the last 30 years is presented as a back- 
ground to the development of the energy sector's importance and its 
link with the national economy. 
For the sake of brevity, the development and major changes in the 
economy could be divided into two eras: 
3.2.1 The Late 1950s - Early 1970s: 
The year 1952 was the starting point of the economy's transition from 
a free, private enterprise system, to a planned economy with a public 
sector dominating most of its activities. The government moved 
towards greater intervention in economic activities along four major 
paths (38): firstly, specifying the ideological framework within 
which the private sector's activities were expected to be conducted; 
secondly, sequestering British and French assets largely concentrated 
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in banking and insurance after the Suez War of 1956; thirdly, 
nationalizing the main arteries of the economy: foreign banks, 
insurance companies and commercial agencies were all converted into 
domestically owned joint stock companies within five years; and, 
fourthly, introducing comprehensive economic planning and pushing it 
vigorously at the highest level. The government's philosophy was 
that a high rate of planned investment could not be attained with a 
pre-dominanting private sector economy. With the government taking 
over, industrial development was speeded up, but mainly for consumer 
goods. As a result of expanding investments in all producing sectors 
the increase in investment led for the first-time in Egypt's modern 
history to an increase of per capita income, which was offset by the 
increasing growth of the population. The need to cover production 
levels, and growth in services and defence, increased government 
consumption radically. In brief, the expansion in production and 
services during the 1950's was more than could be managed, and 
together with the increasing expense of defence and external and 
internal security, an inflationary pressure was created and led to a 
continuous deficit in the country's balance of payments. In fact, 
this inflationary pressure was the reason behind the start of an 
extensive system of cost and price control. The objectricwas to 
improve income distribution and to eliminate a rise in the cost of 
living. Although the average per capita income developed from 69 LE 
in 1967 to 90'£E in 1970, the cost of living increased and pushed the 
state to subsidise the basic goods in order to retain the balance 
between depreciated incomes and the cost of basic goods and services. 
I 
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Briefly, this period was characterised by an economic policy which 
tried to achieve a balance between production, consumption and 
investment, but the sectors were too exhausted to rationalize their 
resources. National income was growing too slowly (at 6-7%), final 
consumption was growing fast (by 8.3%), leaving nothing to invest- 
ment. Table (3.3) illustrates the developments of the main economic 
indicators during this era. 
3.2.2 1970-1980 Era: 
The awakening of the Egyptian economy started in this era as a result 
of major economic reforms undertaken in 1974. These can be defined 
under two headings: the liberalization of the economy and the upsurge 
in international oil prices. These two major events played a 
critical role in the economy's transformation and in the energy 
sector's role in this transformation. 
The change in Egypt's economic strategy towards liberalization was 
prompted by a complex set of internal and external factors. Intern- 
ally, the economy was suffering mainly from what is called the 
'investment gap' with investment and savings growing slowly compared 
to consumption. Externally, the sharp increase in oil prices and the 
resulting surplus in the Arab world, together with Egypt's new 
foreign policy, called for a transition of economic policy towards 
more open and liberalised system. The setting was ready for this 
major transformation which had a dramatic impact over the economy, as 
illustrated in Table (3.4). Defining [(imports + exports)/GDP] as an 
index of trade dependence, Egypt realised through the new economic 
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policy high trade dependence rates, ranging betwen 52%-60% during the 
period 1974-1980. Table (3.4) indicates that the new policy resulted 
in a large gross foreign capital inflow which was also reflected in 
the high ratio of debts to GDP. The most important implication was 
the upward surge in the investment rate and the increase in both 
imports and exports. 
The oil price increase which took place in 1973 and 1979 was the 
other force behind the changes which characterised the whole economy 
and the energy sector in particular. The steady increase in oil 
production since 1974 and the sharp -rise in prices highlighted the 
Table (3.4) 
The Impact of the "Opening'* 
(Percentage share in GDP 
1973 1979 
Exports (good and services) 14.6 43.8 
Imports (good and services) 21.0 63.0 
Gross annual foreign capital flow 10.4 17.6 
Total stock o f debts outstanding and disbursed 38.0 58.0 
Debt services (% of GDP) 2.4 8.2 
(% of exports) 16.2 21.4 
Investment 22.3 30.4 
Private investment 5.2 9.4 
Average annual GDP growth 8.0 
* "OPENING" refers to the policy of an open economy. 
Source: (49) 
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importance of the energy sector which accounted in 1975 for 3% of 
GDP, and developed to 8% in 1978, reaching 20% in 1980. Exports of 
crude oil and petroleum products (excluding foreign oil companies) 
now account for 60% of total exports, and therefore enhanced the 
foreign exchange earnings of the country, which, in turn, helped 
alleviate many of the problems from which the economy was suffering 
pre 1974. These two major shifts resulted in a development in the 
economic indicators as illustrated in Table (3.5). 
This brief survey shows how the Egyptian economy has experienced a 
radical transformation from a system characterised by public owner- 
ship of all means of production with rigid regulations on foreign 
trade pre 1970, to a more liberalised system of an open economy with 
the re-emergence of an active private sector, post 1974. In spite of 
the clear differences in the policies adopted in each era, there is a 
remarkable degree of continuity in objectives (39). Economic 
development, protection of the low income groups and external finan- 
cing have been the main objectives. However, the means of achieving 
these aims were different. Economic development was the objective 
behind the expansion of the public sector and the creation of a 
planned economy in the late 1950s and early 1960s. This was also the 
reason behind adopting a liberalized policy to enhance development by 
inter-acting with the outside world. The beginning of the subsidy 
and the price control system was for the sake of protecting house- 
holds from the sharp rise in the price of necessities. This 
objective was thought to be achieved through restricting imports and 
foreign exchange regulation. When the economy was liberalised, the 
main target was to make use of the situation which was created by 
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Table (3.5) 
Development in the Egyptian National Economy 1973-1979 
(Current Price M. £. E) 
1973 1974 1975 1976 1977 1978 1979 
Gross Domestic Product 3526.8 4199.6 5061.3 6164.2 7399.9 9013.2 12067.7 
(Cost Price) 
Indirect Tax 574.0 662.4 807.4 967.7 1196.6 1327.9 1772.4 
Aids 129.7 420.1 622.1 427.3 366.6 553.6 1229.9 
GDP (Market Price) 3971.1 4441.9 5246.6 6704.6 8209.9 9787.5 12610.2 
Family Consumption 2482.8 2839.7 3100.9 3965.1 4916.9 6263.5 8338.2 
Government Expenditure 974.5 117.3 1344.1 1571.4 1696.8 1840.6 2044.1 
Fixed Investment 463.5 680.1 1265.3 1450.1 1838.3 2637.8 3707.0 
Change in Stock 235.2 290.0 458.5 438.8 560.5 416.1 593.0 
Exports of Goods 413.4 723.7 702.3 690.1 947.4 1002.6 2164.5 
Exports of Services 127.6 181.3 261.8 460.9 825.1 942.4 1184.0 
Imports of Goods 622.3 1252.8 1691.1 1646.2 2136.1 2736.9 4672.6 
Imports of Services 103.6 137.4 195.2 225.6 439.0 578.6 748.0 
Growth Rates: 
GDP - 
GDP (Market Price) - 
Family Consumption - 
Government Expenditure - 
Fixed Investment and - 
Inventory 
Exports (Goods & Services) - 
Imports (Goods & Services) - 
% of Gross Domestic Product 
Family Consumption 62.5 
Government Expenditure 24.6 
Fixed Investment 11.7 
Inventory of Goods 5.9 
Exports 13.6 
Imports 18.3 
11.1 20.5 21.8 20.8 21.8 33.9 
18.9 18.1 27.8 22.0 19.2 28.8 
14.4 9.2 27.9 24.0 27.4 33.1 
14.7 20.3 16.9 8.0 8.5 11.1 
38.8 77.7 9.6 27.0 27.3 40.8 
67.3 6.5 19.4 54.0 9.7 72.1 
91.5 35.7 0.8 37.6 28.8 63.5 
63.9 59.1 59.1 58.9 64.0 66.1 
25.2 25.6 23.5 20.7 18.8 16.9 
15.3 24.1 21.6 22.4 27.1 30.7 
6.5 8.7 6.5 6.8 4.3 4.9 
20.4 18.4 17.2 21.6 19.9 26.6 
31.3 35.9 27.9 31.4 33.9 44.9 
Source: The World Bank, Report No. 2738-EGT. 1979 
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international and political considerations, to encourage large 
foreign flows by repatriation of remittances and direct foreign 
investment. 
Now, in the 1980s, the main objectives look the same. The Five-Year 
Plan (1983-1987) declared an 8% increase in GDP and a 5.1% increase 
in personal income as major targets of the economy. 
As a matter of fact, there is no doubt that the energy sector 
(petroleum and gas and electricity) is playing a significant role in 
achieving economic development in Egypt and attracting massive 
amounts of foreign exchange to help the country in realising its 
social commitment of securing a reasonable standard of living for 
its inhabitants. 
Having surveyed the history of the energy sector and the Egyptian 
economy, we turn to the question: how strong is the inter-action and 
link between them? 
3.3 The Links Between the Energy Sector and the Egyptian Econom 
It has been stated in the introduction that the methodology used in 
this study will be within the framework of energy-economy analysis. 
In other words, the suggested planning framework for the energy 
sector will be linked to and based mainly on the Egyptian economy's 
needs for development and growth. 
The objective of this section is to determine the nature of inter- 
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action between the energy sector and the Egyptian economy as a 
background to the appropriateness of the methodology used in planning 
the sector. With one-way linkage, there would be no need to 
incorporate the energy sector within an economy wide analysis. 
However, if it proves that a two-way linkage exists, and that a 
feedback mechanism is relating the energy sector to the whole 
national economy, the energy sector could not be treated in 
isolation, and the effect of full inter-dependence must be 
considered. 
Therefore, this section starts by analysing the concept of energy- 
economy interaction through a brief theoretical review of the 
different views regarding the nature and importance of such inter- 
action, ending with the nature of such inter-action in Egypt. This 
is followed by a statistical survey of the indicators which highlight 
the emergence of the energy sector and its relation to the economy. 
The prospective importance of the sector is then discussed through 
the analysis of. the energy pricing system and its effects on the 
sector's contribution to the Egyptian national economy. 
3.3.1 Energy-Economy Inter-Action: 
In most energy analysis and planning models, the energy sector is 
viewed as a closed and separable sector more than any other part of 
the economy. Macroeconomic indices are taken as given, on the 
assumption that they are exogenously determined and not affected by 
the energy sector, which implies a one-way causation running -only 
from the economy to the energy sector. The other approach is based 
on the fact that the causal relationship between energy and the 
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economy runs in both directions. The required growth in GNP enhances 
energy consumption and a change in the availability or cost of energy 
reflects the production possibilities of the economy, implying a 
feedback mechanism from energy to the economy. 
In fact, the question in this debate is not the existance or other- 
wise of feedback, as a degree of feedback is at least assumed. The 
question is: how strong is the feedback? Is it strong and clear 
enough to represent another way of causation? Or is it insignificant 
and weak to the extent that it could be neglected, rendering the 
inter-action mechanism between energy and the economy running in one 
way from the economy to energy, and not the other way round? 
Theoretical Background: 
The diversity of opinion about the nature and strength of the energy- 
economy concept is due to the long lead times for major changes in 
the energy using facilities, along with the common uncertainties of 
the possibilities of supply. Generally, the different views in 
energy-economy interaction can be categorised around two hypotheses. 
One believes in the existence of a strong linkage between energy 
consumption and aggregate GNP, and the other rejects such hypotheses 
and assumes that there are many ways to reduce energy consumption 
without having a major impact on the GNP. 
A detailed review of the example of models which cover both 
hypotheses regarding the direction of causality is not presented 
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here*. The objective is to discuss the theoretical base underlies 
both views in order to apply the same analysis to the case of Egypt 
and determine the nature of the inter-action between the energy 
sector and the Egyptian economy, in order to proceed to the modelling 
framework suggested. 
For at least two decades before the Arab oil embargo. in 1973, the 
industrial countries were experiencing an economic growth rate almost 
exactly the same as the rate of growth in energy use. Even during 
the few years following the oil cirsis the relationship between 
economic activities and energy consumption has remained relatively 
stable. This observed phenomenon of a stable historical growth of 
energy and the economy, was cited as evidence that their future 
growth could not be separated and made it natural to attribute a 
causal relationship to their pattern. Expansion of the economy 
raises energy consumption, and a plentiful energy supply is seen as a 
spur to economic growth. This seemed to be a logical hypothesis for 
the short run impact of changes in the energy system on the economy. 
The economy can not adjust to the energy system fluctuations immed- 
iately. Equipment and processes in the economy have to be used, and 
their range of energy utilization is tight and fairly restricted. 
With the 1970s price shock and the great uncertainty of possible 
supplies, ideas of rationalising energy consumption and measurements 
of conservation started taking place in the energy market. The 
hypothesis was that in the long run, the lockstep linkage between the 
* For a detailed survey see (40) and (102). 
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energy system and the economy could be eased. The economy could 
adjust to the impacts without allowing for the effect of feedback on 
its growth. New equipment could be purchased, alternative transport 
systems could be constructed, the mix of desired products changed and 
new technology introduced. Briefly, in the long run, the same level 
of output might be obtained with a lower level of consumed energy. 
The value share of energy in the economy and the substitution 
possibilities between energy and other factors of production 
determined the extent to which these two hypotheses are applicable. 
If the economy is represented in terms of just two inputs: energy and 
all other items, then the share of energy in the economy could stand 
as an initial measure of the feedback. The greater the component of 
energy inputs to the economy, the greater will be the expected 
impact. This simple analysis provides just an insight to the nature 
of the energy-economy linkage. The other factor which might modify 
the strength of the impact is the flexibility of energy utilization. 
This flexibility is measured by the elasticity of substitution 
between factors of production. Assuming that inputs of other factors 
of production such as capital and labour are constant, the elasticity 
of subsitution determines the feedback effect of the energy sector on 
the rest of the economy. Figure (3.1) illustrates the idea. 
The point "current input mix" refers to a possible combination of 
energy inputs and other factors of production used to produce certain 
levels of output. The lines drawn through this point represent 
alternative combination of inputs which could produce the same out- 
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Figure (3.1) 
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put, and indicate the potential substitution possibilities between 
energy and other factors. 
The elasticity of substitution between -various factors of production 
could be described more extensively using "Allen Partial Elasticity 
of Substitution"*. The elasticity of substitution measures the 
percent change in the ratio of two factors resulting from a1 percent 
change in their relative prices using the formula: 
* See (11) 
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2 
cto c"a Pi a Pý) 
cac. a P cac"a P 
where: C is the cost function of the factors of production and i, j 
are two factors of production. 
Hence, an elasticity of substitution of one for capital (K) and 
labour (L) implies that a one percent increase in the price ratio 
PL/PK results in a one percent increase in the factor ratio K/L. 
William Hogan and Allen Manne (41) applied the same ideas and 
argument regarding the relation between the flexibility of energy 
utilization and energy-economy feedback in the U. S. economy. They 
argued that there is no fundamental concept which requires the 
increased growth in economic output to be dependent upon increased 
input of energy. They described the inter-action between energy and 
the U. S. economy as analogous to an elephant-rabbit stew. Noticing 
the small value share of energy in the U. S. economy compared to the 
value of GNP (4% in 1970), the authors stated that if a stew combines 
one rabbit - the energy sector with its relative small share - and an 
elephant - the rest of- the economy, it will still taste very much 
like elephant stew; which means that the noticeable variation in the 
output produced by variation in one factor of production - such as 
energy - is of a non-linear character. Figure (3.2) displays their 
argument. 
The figure shows the output potential of the economy as a function of 
the level of energy inputs for various assumptions about the 
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Figure (3.2) 
Economic Impacts of Energy Reductions 
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elasticity of substitution They used an elasticity ranging from 
0.1 to 0.7 representing different assumptions regarding the strength 
of the impact of energy on the economy. The smaller the magnitude 
the greater will be the impact on the economy. The higher it is, the 
lower the impact in changing the input's combination, and switching 
from energy to other factors becomes easier. The Mann-Hogan study 
concluded that even with an extremely low value of 0.1, a reduction 
in energy input does not result in a proportional loss of potential 
output. 
Having discussed the different views concerning energy-economy 
inter-action, the question is: how could the direction of inter- 
action be tested? Particularly, in the case of Egypt? 
Testing the Direction of Causality: 
It has been known for a long time that energy consumption and current 
measures of economic activity are positively correlated. But the 
finding of high correlation among variables does not necessarily 
indicate that they are causally related. Two variables or more might 
be functionally related, but not correlated. More often they may be 
correlated but not causally related (42). Even if it is proved that 
two variables are causally related, the question remains, which is 
causing which? It is known that the level of economic activity 
measured by GDP influences the energy consumption levels, but does 
variation in energy consumption cause variation in GDP too? A time 
series methodology based on using a direct test for the existence of 
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a one or two-way causation between energy and GDP could be used*. 
J. Kraft and A. Kraft (43) and T. V. Long (44) used this test to 
investigate the causal relation betwen gross energy consumption and 
gross domestic products employing a definition developed by Granger 
(42). Granger's main idea is that the feedback mechanism may be 
considered as the sum of two causal mechanisms. Given two stationary 
time series X and Y with zero means, the simple causal models are: 
mm 
Xt - jZl aj xt_ j+ JEl bj Yt_ j+ et 
m Yy - JEj cj xt_ j+ iK, 
dj Yt_ j+ nt 
where: E(et es) a0 E(nt11), s#t 
and E (et es) -0 all t, s 
and a, b, c, d vanish for t <0. 
According to this definition, Yt is causing xt if some of bj's are 
not zero. Similarly, Xt is causing Yt if some of Ch's are not zero. 
And there is said to be a feedback mechanism if both events occur. 
Consequently, Y does not cause x if a or b are identically equal to 
zero. In this case, causality runs only from x to Y because past 
values of Y have no influence on current values of x. And Y can be 
expressed as a distributed lag function of current and past values of 
x and a residual which is not correlated with any of x's values past 
or future. 
I 
* For more details about different ways of measuring causality 
between two, variables, see [(45) - pp. 265-293]. 
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The definition as given is based on the predictability concept. 
Absence of correlation between past values of x and that part of 
another variable Y which can not be predicted from Y's own past 
implies absence of causal influence from X to Y. Accordingly, the 
time series of both x and Y is assumed to be jointly covariants and 
stationary by considering only linear predictors and taking expected 
squared forecast error as the criterion for predictive accuracy. 
In the procedure followed by Kraft and Kraft and Long, a regression 
of the form: 
3 
yt - a+ iý-4 oixt-i + Et 
where: 
Y- GNP and Xa gross energy consumption (and vice versa) 
is generated. Annual data for the postwar period from 1947 through 
to 1974 was used. The test was carried out in two steps. Firstly, 
testing the existence of a statistical relationship between energy 
and GNP by regressing current values of energy on current and past 
values of GNP, and regressing current values of GNP on current and 
past values of energy. Both models were estimated with lags running 
from one to five years. Testing the explanatory power of the model 
and the significant of the coefficients proved the existence of a 
strong relationship betweeen energy and GNP in the U. S. economy. 
Secondly, testing for the direction of causality, Kraft and Kraft, 
apply a method suggested by Simms (46), as shown in Figure (3.3), and 
adopt Granger's definition of causality, regarding the significance 
of the future value of the explanatory variables in explaining the 
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Figure (3.3) 
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dependent variable. Hence, for unidirectional causality to run from 
GNP to energy, future values of GNP must have coefficients insignifi- 
cantly different from zero as a group in explaining the dependent 
variable 'energy', while future values of energy as a group must be 
significant in explaining 'GNP'. They used the F-statistics to test 
for the significance of the future values in each regression. By 
regressing energy on current, three lagged and four future values of 
GNP, and regressing GNP on current, three lagged and four future 
values of energy consumption, they concluded that causality is uni- 
directional, running from GNP to energy only and not the other way 
round*. Therefore, while the level of economic activity may, influence 
* The F-test for regressing GNP on energy and energy on GNP were 
8.07 and 0.76 respectively. 
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the consumption of energy, the level of energy consumption has no 
causal influence on economic activity. This indicates that energy 
conservation programmes are a feasible policy tool without impairing 
economic activity level. 
The same methodology was applied to test the direction of causality 
between the energy sector and the Egyptian economy. Annual data on 
commercial energy consumption (EN) were obtained from the United 
Nations "World energy supply" Series J for the period 1952-1980. The 
gross domestic product (GDP) was used in current values of million £E 
for the same period. 
A regression was fitted first to test the existence of a statistical 
relationship between EN and GDP in the form: 
2 Yt - a+ '. E ßi xt-i + Et 1s Q 
where: Y- GDP and x- EN (and vice versa). Both regressions (EN 
on GDP and GDP on EN) were estimated using lags from one to three 
years. The results from using two years lag in the regressions 
appeared as in Table (3.6). 
Table (3.6) 
Estimated Lag Distribution (1955-1976) 
Coefficient EN on GDP GDP on EN 
Constant -2640.6 4.2410 
xy 272.6 0.000395 
xt-1 232.3 0.001002 
xt-2 106.8 0.000584 
2.85.1% 86.2% 
F` 19.626 745.8 
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The results of both regressions proved the existence of a statistical 
relationship between EN and GDP in Egypt. The R2 is high, and the 
coefficients are significant using the F_ test at 0.01 confidence 
level. 
In testing the direction of causality between EN and GDP, a 
regression was fitted of the form: 
3 
Yt - a+ i! _4 
ßi xt_i +et 
where Y and X are as stated before. If the future coefficients (ßi: 
i< 0) are found significant through the F test, the null hypothesis 
of the existence of causality from the left-hand side to the right- 
hand side is accepted. In other words, if future values of x are 
related to the present value of Y, a causality from Y to x is 
implied. The estimates of the two regressions' parameters are 
presented in Table (3.7). 
Applying Sim's test of causality in testing the signifiance of the 
four future values as a group, the F-test results were as shown in 
Table (3.8)*. 
* As the sign of the current values of the explanatory variable 
was opposite to our a priori expectation in both regressions, an 
attempt was made to fit a regression of Y on past and future 
values of x only. The signs were right in both regressions and 
the overall significance was good. But the causality- test 
continued, resulting in a very low F* of 0.7 and 0.9 
respectively. 
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Table (3.7) 
Estimated Lag Distribution and Summary Statistics (1955-1976) 
Lags and EN on GDP GDP on EN 
Summary with without with without 
Statistics future future future future 
Constant -2460.0 2779.8 4.249 4.274 
(-5.99) (-5.66) (7.25) (8.30) 
0 -40.4 269.8 -0.0003 0.0004 
(-0.30) (2.03) (0.55) (0.83) 
1 50.5 148.5 0.0006 0.0010 
(0.37) (0.92) (1.08) (1.57) 
2 -17.3 -5.4 0.0008 0.0006 
(-0.13) (-0.03) (1.30) (0.97) 
3 215.9 228.8 -0.00019 -0.0001 
(1.78) (1.55) (-0.34) (0.22) 
-1 111.1 - 0.0002 - 
(0.81) (0.36) 
-2 194.5 - 0.0003 - 
(1.41) (0.53) 
-3 -34.3 - 0.0013 - 
(-0.27) (2.16) 
-4 77.3 - -0.0008 - 
(0.73) (-2.22) 
12 947. 86.1% 92.6% 88.2 
F* 12.56 15.9 322.7 529.6 
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Table (3.8) 
Test of the Significance of Four Future Coefficients: 
F-values 
EN on GDP GDP on EN 
0.33 1.9 
The summary statistics of both regressions shows a high R2 which was 
improved even more when using the future values of the explanatory 
variable. The F-test measuring the overall significance of the re- 
gressions with and without future is significant at the 0.01 confi- 
dence level. In both cases, F* > F0.01. But we want to know if the 
inclusion of the future values has significantly improved the 
explained variation of the dependent variable. 
The F-test of the four future values as shown in Table (3.8) 
indicates that when regressing EN on GDP the future values of EN were 
insignificantly different from zero as a group. On the other hand, 
future values of GDP were insignificantly different from zero as a 
group in explaining EN. This implies that at the 0.01 confidence 
level, both directions of causality are rejected. This suggested 
that the linkage between EN and GDP in Egypt could be defined as one 
in 'the contemporaneous period' (44), and only a strong instantaneous 
causality is suggested. This conclusion is based on Granger's 
definition that an instantaneous causality Y=m)X occurs when current 
values of xt are better predicted if the present value of Yt is 
included in the prediction than if it-is not, i. e. 
if a2 (X IÜ, Y) < v2 (X U) 
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where: 
Y: the set of past and present values 
(t-j, .1-0,1, ..... ,m) 
U: all information in the universe accumulated since t-1 
U: Past values of all information 
(Ut_i, is1,2,999se, o) 
Using the same set of data and. a two fitted regression: 
3 
yt -a+ iZ 
$i xt-i il) 
and 
3 
Yt -a+ iii ßi xt-i (2) 
The dependent variable proved to be better predicted when using 
regression (1) than (2). This proves that the prediction was better 
when using present values of the explanatory variable than if it were 
not, as indicated by the e2. The predicted error series e2 was 
15.280 when regressing EN f (past GDP only) while using present and 
past values of GDP reduces e2 to 14.5. Similarly, estimating GDP =f 
(past EN only) resulted in an e2 = 61979, while, when using past and 
present values of EN, e2 takes the value of 49874.0. 
Therefore, applying Sim's statistical test for causality it could be 
concluded that it is difficult on the -basis of a small sample (22 
observations) and a poor quality of data to differentiate between 
causality from EN GD P or ENS GDP or the existence of both 
relations in a feedback mechanism ENS GDP. ' Granger and Newbold (47) 
pointed'ýout that" this phenomenon exists because the time delay 
between cause and effect is shorter than the interval at which the 
variables are observed. If the variables could be sampled more 
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frequently, discrimination between the directions of causality may be 
possible. As a conclusion it should be pointed out that the results 
have to be interpreted with caution and considered only as a 
preliminary indication of the nature of interaction between the 
energy sector and the Egyptian economy. The question remains. How 
strong are the feedbacks? 
Table (3.9) illustrates the value share of energy in the Egyptian 
economy, and points out that this share started growing from 4% in 
1975 (after the first oil price rise) and reached 20.3% in 1980, and 
according to the official forecasts, it is expected to contribute 
more to the GDP. Hence, at a 20% value share, a 1% reduction in 
energy inputs to the Egyptian economy (either as a factor of 
production or implicitly as a source of financing economic 
activities) would produce a 0.20 drop in the output of the economy 
measured by GDP, which emphasises the size of the energy sector's 
impact on the national economy of Egypt. 
Substitution possibilities between energy and other factors of pro- 
duction in Egypt, as another factor determines the strength of the 
feedback, are- very low. Availability of the capital needed for 
development and growth of the economy is the major constraint, 
especially with the public sector and the government controlling most 
economic activities. In spite of the change in Egypt's economic 
policy with the announcement of the "open economy" policy, and the 
consequent upsurge in investment, still, with the stage of develop- 
ment Egypt is going through, it is hard to expect a substitution of 
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Table (3.9) 
The Contribution of the energy sector 
in GDP (1969-1980)* 
(Million LE) 
Gas, electricity 
Petroleum and water Total GDP % 
1969 49.2 41.8 91.0 2971.3 3.1 
1970 52.7 40.0 92.7 3145.5 3 
1971 45.2 47.8 93.0 3336.7 3 
1972 32.8 48.8 81.6 3417.0 3 
1973 47.3 44.8 92.1 3971.1 2.3 
1974 111.0 48.0 159.0 4441.9 4 
1975 149.0 69.2 218.2 5246.6 4.2 
1976 246.9 75.0 321.9 6704.6 5 
1977 468.0 83.1 551.1 8209.9 6.7 
1978 626.0 98.0 724.0 9782.4 7.4 
1979 1908.0 102.3 2010.3 12474.6 16.1 
1980 3105.0 120.8 3225.8 16623.0 19.4 
* Data was used only from 1969-1980, as prior to 1969 energy data 
was combined with manufacturing data. 
Source: -'CAPMS - Statistical Book - Several Issues. 
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capital for energy. This is beside the fact that since Egypt 
consumed mainly its own domestic crude oil, domestic energy price, 
low as it might be, covers its cost. In general, flexibility in 
energy utilization could be expected with changing energy costs, but 
with the prices of energy in Egypt being nearly constant* and highly 
subsidised, it is not surprising to expect economic growth to produce 
a growth in energy demand. The low, or nearly zero, possibility of 
substitution for energy in the Egyptian economy, together with the 
high value share of the energy sector in the overall performance of 
the economy, highlights the nature of the interaction between energy 
and the economy and the strength and magnitude of this inter-action. 
The following section points out the magnitude of the inter-action 
between the energy sector and the Egyptian economy. 
3.3.2 The Contribution of the Energy Sector to the National 
Economy: 
The 1970s witnessed an upward surge in Egypt's foreign exchange 
earnings which was generally due to the economic liberalization 
policy adopted by the Egyptian government and particularly to the 
emergence of a strong energy sector with a large exportable 
capacity. Other factors that helped in developing the foreign earn- 
ings were the large flow of workers' remittances from abroad, and the 
successful reopening and enlargement of the Suez Canal and tourism. 
* See table (3.18), p. 157 and the data Appendix. 
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Table (3.10) analyses the composition of Egypt's foreign exchange 
earnings and sheds some light on the sector's importance in providing 
21% of gross foreign exchange receipts in 1980/81. 
As concluded in the previous section, the energy sector in Egypt does 
not exist in isolation from the national economy, but has a strong 
two-way linkage with the economy. The level of economic activity 
affects the performance of the sector in terms of demand levels and 
supplies needed for exports. The sector acts as the main driving 
force for economic development as a factor of production and as a 
source of foreign currencies needed for imports, investment and 
general growth of the economy. 
The link and inter-action between the energy sector and the rest of 
the economy can be viewed through many aspects. Three of the most 
important aspects are discussed in this part: 
1. The contribution of the energy sector to the gross domestic 
product. 
2. The contribution of the energy sector to fiscal accounts. 
3. The role of the energy sector in the overall balance of 
payments. 
The Energy Sector and Gross Domestic Product: 
The overall macroeconomic contribution of the energy sector is 
measured by its share in GDP. The value share of the energy sector 
(petroleum and electricity, gas and water) has developed extensively 
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Table (3.10) 
The Structure of Egypt's Foreign Exchange 
Earnings 1981 () ($ million) 
$ million % of total 
Total gross foreign exchange receipts 13901 100.0 
Agricultural exports 723 5.2 
Manufactured exports 730 5.3 
Non-factor services (tourism) 1250 9.0 
Competitive commodities and-services 2708 19.5 
Petroleum (Egypt's share) 2943 21.2 
Suez Canal 863 6.2 
Natural resource earnings 3806 27.4 
Workers' remittances 2930 21.1 
Other factors' income 479 3.4 
Total factor income 3409 24.5 
Direct foreign investment (including oil) 918 6.6 
Official and private transfers 3060 22.0 
Foreign capital inflows 3978 28.6 
Source: (49) 
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from 3.0% in 1970 to 6.7% in 1977 and reached nearly 20% in 1980. On 
a detailed basis. The following table shows the development of the 
sector's contribution to the different components of GDP: 
Energy Contribution to GDP (%) 
1977 1979 
Final demand 2.2% 17.6% 
Value added 5.3% 17.5% 
Gross products 5.2% 12.5% 
The sector's contribution in final demand increased 8 times from 1977 
to 1979 indicating how the energy sector feeds back to the economy. 
In Table (3.11) the contribution of the sector* to the components of 
final demand is displayed. The most significant effect appears in 
exports, where energy export accounts for 53.9% of total exports in 
1979. This was due mainly to the increase in the average export 
price of the Egyptian crude oil, between 1975 and 1979, as shown in 
Table (3.12)***. 
Table (3.11) 
Energ y Contribution to Final Demand** (Percentage) 
1977 1979 
Household consumption 2.1 1.4 
Government consumption 2.2 3.1 
Investment 0 0 
Changes in stock 2.4 16.0 
Exports 11.2 53.9 
* The energy sectors here incorporate refining, production and 
electricity. 
** Tables (3.11) and (3.13) are constructed using data from the 
1977 social accounting matrix prepared by MIT, and the 1979 
input-output table of the Ministry of Planning and the 
Development Research and Technology planning Center, Cairo 
University (D RTPC)as published in (48). 
*** The data in, Table (3.12) are derived from "The Petroleum 
Magazine". - Annual Report- several issues. 
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Table (3.12) 
Development of the Egyptian Crude Oil Prices 
APIO 1970 1975 1979 
Morgan blend 32.6 1.25 9.49 26.57 
Gharib blend 22.8 1.31 9.16 17.18 
Balaeem blend 27.2 -- 21.89 
($/barrel) 
1980 
56.17 
26.0 
31.3 
The price increase was reflected in the value of exported oil, which 
surged from 309 $million in 1975 to 1915 $million in 1979 and there- 
fore contributes 54% in the total value of Egypt's exports. 
As for the value added, the sector's share nearly tripled reaching 
17.5% in 1979. As shown in table (3.13) oil extraction alone stands 
for 14.2% of this share, accounting for nearly 81% of the total share 
of the energy sector. 
Table (3.13) 
Contribution of the Energy Sector to 
Gross Value Added 
1977 
Oil extraction 3.4 
Oil refining 0.7 
Other energy 1.2 
5.3 
(%) 
1979 
14.2 
2.4 
0.9 
17.5 
This significant contribution of the extraction sector was a result 
of regaining the Sinai fields, which increased oil production from 
12 million metric tonnes in 1975 to nearly 30 million metric tonnes 
in 1980. This increase, although not significant, was compensated by 
the sharp increase in oil prices by the end of 1979 and therefore 
contributes to this high share in gross value added. 
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The sector's share in gross production of the economy was more than 
doubled from 5.2% in 1977 to 12.5% in 1979, mainly due to the expan- 
sion of the industrial sector and the announcement of Egypt's new 
economic policy, which liberalized the economy and enhanced invest- 
ment and the private sector's activity, which was all reflected in a 
growing increase in energy consumption. In fact, the share of energy 
in gross production of the economy measures the feedback of the sect- 
or to the economy, and a 12.5% share in 1979 reflects how much the 
Egyptian economy depends on the energy sector. 
The Contribution of the Energy Sector to Fiscal Accounts: 
The energy sector's contribution to the fiscal accounts and balance 
of payments is surveyed through the petroleum sector's performance as 
the main component of the energy sector, especially from the aspect 
of revenues and foreign trade. 
The EGPC acts as the fiscal intermediary for the petroleum sector. 
It is directly responsible for the bulk of tax liabilities of the 
sector (including the joint venture companies and their subsidiar- 
ies), and except for a nominal portion, transfers all its surplus to 
the government. The petroleum sector's fiscal contribution could be 
classified accordingly as: (49) 
1. Production Taxes: including royalties and other taxes/duties of 
the joint venture companies which are associated with the pro- 
duction of crude oil and natural gas. 
2. Taxes/dues associated with domestic sales, primary price 
differentials and customs/excise duties. 
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3. Payments on net profits which include profit taxes and profit 
transfers. 
Table (3.14) illustrates the growing importance of the petroleum 
sector's contribution in fiscal accounts from 1975-1979 and points 
out the nearly tripled increase in its share in total government 
revenue from 10% to 28%. 
The fiscal contribution of the petroleum sector is extremely sensi- 
tive to the relative weights of domestic consumption and exports in 
overall output, and to the pricing policy of petroleum products. 
This highlights the importance of energy demand administration within 
optimal supply levels and the integration of both aspects through a 
reasonable, realistic pricing mechanism, which could allow the energy 
sector to contribute more to the development and growth of the 
country. 
The Energy Sector and the Overall Balance of Payments: 
Egypt suffered for a long time from a continuous deficit in its 
balance of payments. Table (3.15) underlines this situation and 
points out the improvement that took place post 1974. In 1976, the 
deficit started declining as a result of the massive flow of assist- 
ance from some Arab countries which allowed rapid economic growth 
despite the large deficit in the balance of payments. The overall 
balance of payments showed a modest surplus in 1978 and 1979 due to a 
relatively smaller trade deficit, large factor income revenues and an 
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Table (3.14) 
Fiscal Contribution of the Petroleum Sector 
(£E million) 
1975 1976 1977 1978 1979 
EGPC 
Indirect taxes: 79 87 93 106 162 
Price differentials 38 44 41 45 47 
Customs duties 29 30 34 39 92 
Other taxes 12 13 18 22 23 
Direct taxes: 36 65 102 142 213 
Income tax 25 49 75 112 169 
Royalties 11 16 27 30 44 
Transferred Profits 18 84 177 192 631 
Investment self-financing 19 16 12 21 32 
AFFILIATES 6 7 8 7 10 
Total fiscal contribution 158 259 392 468 1138 
Fiscal payment as % 
of government revenue 10.3 12.9 14.2 14.1 27.7 
Share of petroleum sector 
in public economic sector 
capital revenue 11.0 21.5 32.7 26.8 49.2 
Source: (49) 
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Table (3.15) 
A Summary of Balance of Payments 1974-1979 
($ million) 
1974 1975 1976 1977 1978 1979 
1. Exports of goods and Nfs -2251 -2503 -3319 -3888 -4099 -5586 
2. Imports of goods + Nfs -3959 -5141 -5182 -5879 -6612 -8300 
3. Net factor income 70 122 413 472 1098 1143 
4. Current account balance -1638 -2516 -1450 -1519 -1415 -1572 (1+2+3) 
5. Transfers 42 90 87 -63 54 88 
6. Autonomous non-monetary 156 495 1091 1205 1528 2181 
capital (net) 
a. Direct foreign in- 87 225 444 477 387 710 
vestment 
(Law 43 projects) (5) (18) (48) (80) (146) (179) 
(Oil companies) (82) (207) (396) (397) (241) (531) 
b. Official MLT loans 21 210 490 803 1028 1034 
and grants (net) 
(Drawings) (140) (361) (598) (931) (1202) (1208) 
(Repayments) (-161) (-151) (-108) (-128) (-174) (-174) 
c. Private loans (net) 30 60 157 -73 113 437 
7. Overall Balance -1440 -1931 -272 -251 167 697 
(4+5+6) 
8. Special balance of pay- 1261 1506 780 1601 809 72 
ments loans and grants* 
9. Balance of non-monetary -179 -425 508 1350 976 769 
transactions 
10. Unallocated* -874 -698 -1184 -435 -504 -462 
11. Monetary capital (net)** 1053 1123 676 -915 -472 -307 
Source: (49) 
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increase in autonomous capital flows. The decline in the trade 
deficit was mainly due to the rapid growth of petroleum exports, Suez 
Canal revenues and the massive inflows of workers' remittances from 
abroad. The role played by the petroleum sector in achieving this 
turning point in the balance of payments is illustrated in Table 
(3.16). The oil sector exports alone account for 31.6% in 1977 and 
63% in 1980. This refers to the role which the sector's played in 
improving the balance of payments especially after the increase in 
petroleum production, coupled with the increase in world prices which 
occurred in the second half of 1979 and create an unexpected 
additional flow of foreign exchange and fiscal revenue. 
Table (3.16) 
The Oil Sector's Share in Total Exports 
and Balance of Payments (Million £E) 
Total earnings in 
the balance of payment 
Exports 
Export % in total 
earnings 
Exports of oil 
industry 
% of oil exports to 
total exports in the 
balance of payments 
1975 1976 1977 1978 1979 1980 
491 612.5 954.1 1571.9 3154.6 4859.4 
326.3 339 439.3 912.6 1171.2 2068.8 
66.52 55.3% 46.1% 37.1% 37.1% 42.6% 
27.6 77.1 138.8 197.3 527 1303.5 
8.5% 22.7% 31.6% 21.6% 45% 63% 
Source: The Central Bank of Egypt, Economic Review - Different 
Issues. 
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The growing importance of the energy sector has already been evident 
in much of the previous discussions. Briefly, the importance of the 
sector can be attributed to the steady increase in its production 
capacity and to the sharp increase in world oil prices. Its share in 
GDP rose to 20% in 1980, exports of crude and petroleum products 
accounted for more than 60% of Egypt's exports, while the sector's 
profit transfers and other taxes provided nearly 30% of government 
revenue. 
This discussion directed the attention to an important related issue, 
namely the energy price system in Egypt, which is characterised by 
great rigidity in spite of its significant impact on the sector's 
contribution to the national economy, as shown in the following 
section. 
3.3.3 Energy Pricing Issue: 
The government of Egypt has a history of providing different kinds of 
subsidies or income transfers that go back to the 1950s, but its 
effect on the economy was not felt before the 1970s. International 
and domestic inflation was low and hence the 'fix price' nature of 
the Egyptian economy did not create a serious macroeconomic 
imbalance. During the 1970s, world inflation increased, Egypt 
devalued the pound and helped to increase foreign trade. Inter- 
national oil prices jumped very quickly and resulted in a general 
international situation which raised the real cost of subsidy to the 
Egyptian economy, and the "Price Gap" appeared clearly. By the end 
of 1979, the total subsidy reached 3000 million LE as shown in Table 
(3.17). About 35% of the subsidy is direct food subsidy provided by 
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Table (3.17) 
Summary of Egypt's Food and Energy Subsidy 
in 1979* (£E million) 
Type Urban Rural Total 
1. Food (All Direct) 1,019 0 1,019 
A. Wheat 590 0 590 
B. Oil 200 0 200 
C. Sugar 44 0 44 
D. Meat 44 0 44 
E. Other 141 0 143 
II. Energy 1,171 725 1,896 
1. Direct 
A. Kerosene 569 243 812 
B. Butagas 163 176 340 
C. Electricity 82 7 89 
D. Gasoline 125 36 160 
2. Indirect 602 483 1,085 
A. Fuel 472 378 850 
B. Electricity 130 105 235** 
III. Total 2,190 725 2,915** 
* Totals may not add due to rounding. 
** Does not include LE 54 million estimated indirect electricity 
subsidy provided in the production of exported aluminium. 
Source: Egypt's Food and Energy Subsidies in 1979. A Study by 
US/AID. 1980. 
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the government through the budget, and the remaining 65% represents 
direct and indirect domestic energy subsidies. 
In fact, the subsidy's concept - as with all taxes - is normally used 
to realise the economic and social balance of the economy on the con- 
dition that it is flexible enough to suit any changes in the economic 
or social structure. This was exactly the starting point of the 
whole system of energy subsidy. The concept of subsidising the 
petroleum products is not a recent government policy. It was first 
introduced to the Egyptian economy after the Second World War. 
Domestic crude oil was yielding large quantities of heavy fuel oil 
and less gasoline, but on average was covering the domestic market's 
needs for these products. Kerosene was the problem, as the 
refineries were yielding less than the consumption levels in a period 
when kerosene was the main fuel consumed. The government started 
importing kerosene at a very high cost and found it impossible to 
pass this high cost to the low income consumers. Consequently, it 
was subsidised. The difference between the system of subsidy during 
this period and now, is that the burden of the subsidy did not affect 
the government's budget at that time. The subsidy was included in 
the gasoline prices as a commodity which was consumed by high income 
groups during that time. The distribution of kerosene through the 
'Cobone' system also guaranteed its fair distribution to low income 
classes. A quick look at the components of energy subsidy now shows 
clearly that the subsidised products are used by high and low income 
groups and nearly all sectors; agriculture, industry, the private and 
public sectors. Even after the oil prices increased during the 
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1970's, the local consumer was protected and therefore did not 
respond by any attempt to cut consumption. Although the prices of 
some petroleum products were moved up, the gap between domestic and 
international prices was still wide. Domestic prices in general do 
not exceed one third of international prices. For products such as 
fuel oil, the price does not exceed 10% of its international 
equivalent. Table (3.18) illustrates the magnitude of the subsidy 
problem in Egypt. 
The subsidy of petroleum products could be categorised into: direct 
subsidy, represented by the amount of finance allocated in the 
government budgets to provide the necessary goods and services at a 
price less than the import price or domestic production cost. 
Liquified petroleum gas, kerosene, gasoline and electricity could be 
classified in this group. The implicit subsidy is provided in the 
differences between the domestic price of the product and the 
equivalent international price. The difference represents a loss in 
revenue which could support the government budget. This implicit 
subsidy is the most crucial type because it does not appear in the 
government's expenditure budget as an explicit transfer payment from 
the government. Consequently, not much thought is given to reforming 
the subsidy system. It is true, as mentioned before, that Egypt is 
nearly self-sufficient in producing its own crude oil, and the price 
charged to the local consumer covers the production costs as 
conventionally measured.. But if the local prices adjust to their 
equivalent international prices, the revenue and contribution of the 
sector to the economy would expand significantly. 
The final point in the analysis of the energy pricing system in Egypt 
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is to evaluate the whole system, i. e. to answer two questions. Did 
the subsidy system achieve its prospective goals? And how serious is 
the magnitude of its impact? 
One of the subsidy's objectives is to realise a fairly stable price 
for the subsidised product, which was actually achieved, particularly 
in the petroleum products market*. For a developing country like 
Egypt with a low per capita income of 393 £E in 1980/1981, another 
reason for accepting such an exaggerated subsidy is to help redis- 
tribute income through affecting the relative prices of the sub- 
sidised commodity to guarantee a minimum standard of living for the 
low income classes. Table (3.19) shows that the urban population 
which represents 45% of the total population of Egypt is receiving 
about 62% of the total energy subsidy, 70% of the direct energy 
subsidy and 55% of indirect subsidy. However the proportion 
allocated from the subsidy to the urban population is not equitable 
and skewed towards higher income levels. Table (3.19) points out 
that the lowest 27% of the population receives only 16% of the 
subsidy, while the upper 21% receives 39%. 
As a matter of fact, the subsidy system in Egypt has not achieved its 
main objectives relative to the serious impacts it had on the growth 
and development of the economy in general and the energy sector in 
particular. 
* Refer to Appendix A for further details about petroleum 
products' prices during 1960-1980. 
- 159 - 
1.6 
v 
11 (/, 
"Q 
en $- `/ 
.0c R 
E 
4- 
C 
r 
r_ 
U, 
b 
0 
O 
b 
a, 
41 to e 
-pq 
m 
ON a' N M M M I 
V1 O " " " " " 
ý 0 14 . -r N N 
1 +-i v+ . -ý O 1. I- .. UU . " " " 
>% (D YI N -T 
i. 4 
rl W, 
to 
W N. '*O Q0 .O Ui 
+ý o - - - , -4 Va 
od o1 r" a. . -4 
CJ C! %O -. T N P-1 M 4W ro 
cb ýr, ýo O .7 N 
o - . -+ O O O 
"" IV 'C7 
u +1 vý cti 
- 10 M LJ C% -t %O -t m COO TE " H t/ý E" v ' N . -1 O - 
4.4 
Oc 
'b 
>%w 
o >%v 00 m -. t O 'O Co CA 
.G m TE w CJ .oN cr) -Y . -i O - COOZ N N c4 N cV 
wcI m0 
x 
P-4 ý7 v -i 'Y O , '. o Co o' w dVC s+ p . . 
m r-4 (1) O" M -7 .r 0 . -+ O0 C3. Li W N N N N N 
x4 04 Mv 
ýO 
.MOO 41 im 1" v1 N O 
"4 td <O #' " " w r. .G r-1 x %c f7 00 "-4 0 
'. 1 0 4.4 Ov N CV N N O 
Co , -4 a -4 
rl 10 
A 
10 41 Co Co 41 r. 0 -1-4 cý r1. P-4 r- a cu tu C *0 rý r% -4 "4 cm < gM (V ä _ ö 0 - N 
i % 
ö 
i. + pOa N- - "4 H to O iC N. 
WwW -4 
0 
GO 
C/1 
'd 
JJ 
n 
00 -1 
r. `0 
. r4 rl 
'O VI 
C Jý 
OO 
O V) 
O OA 
C) 
dc 
O 00 
'd C 
b of 
'V 
uO 
OO 
GW 
`> to 
td 
6 41 
y 
c0 W 
O 
H "" N 
u 
O 
*N 
- 160 - 
The price of petroleum products as it is and the associated large 
subsidy, affects four main aspects of the Egyptian economy. The 
general commodity pricing mechanism is affected by the low prices of 
energy used in the different production processes. The general 
prices being low compared to international prices could be an 
advantage in rendering the economy more competitive on the world 
market. But at the same time it encourages waste in the consumption 
of low priced commodities because the consumer does not pay their 
real value. The petroleum sector's performance is significantly 
affected by this system. From one side, the difference between the 
prices charged and the international prices is an opportunity cost 
wasted for the sector and impairs its contribution to the economy. 
From the other side, the low prices of petroleum products provide a 
disincentive to conserve energy and hence increase energy consump- 
tion, which implies, in turn, a fast depletion of non-renewable 
resources, less crude oil released for exports and, consequently, 
less revenues for development and growth. The balance of payments is 
another aspect of the subsidy problem. The impact on the balance of 
payments has two dimensions, one helps to offset the other. As 
explained before, low energy prices are passed on to the consumer in 
the form of low prices of final commodities, which help decrease 
imports of competing commodities and improve the trade balance. At 
the same time, low energy prices enhance demand and restrict . the 
petroleum production to domestic uses rather than export, which has 
an offsetting effect on the balance of payments. The total affect of 
these two competing influences depends on their relative strength. 
Finally, government finance is definitely affected by the burden of 
the subsidy on its budget as well as the lost opportunity of more 
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revenue. Direct and explicit subsidy payments which amounted to as 
much as 11.9% of GDP in 1975, declined to 6.4% in 1976 and increased 
to 11.5% of GDP in 1979. This besides the relatively low transferred 
profit from the petroleum sector as a result of the low energy 
prices. 
The conclusion is that the importance of the energy sector to the 
national economy is underestimated and could be improved with an 
adjustment in the energy price mechanism or rationalisation of energy 
consumption. But, as stated earlier, subsidy is a policy which meant 
to realise social and economic balance. In the context of Egypt, the 
pricing system works under two assumptions: the first is that the 
marginal social return from exporting oil at world prices equals that 
of consuming it domestically. In other words, the gap between 
domestic and world prices is interpreted as an "invisible social 
return" appears in a low production cost which, in turn, enhances 
development, industrialization and the society welfare. The second 
is that present consumption of oil at low prices although means 
higher prices for future generations, its impact would be more than 
offset by the capital and advanced technology which will be left for 
these generations; thus compensating for the diminished oil 
reserves. Therefore, in spite of the fact that the subsidy system is 
wastefully applied in Egypt, and is not realising its basic target, 
and admitting that there is enough room for a price adjustment, in a 
country like Egypt, where inflationary effects are not experienced, 
and with a relatively low income level, the adjustment could not be 
immediate. Nevertheless, the process of adjustment should be 
undertaken. The Egyptian government has actually started the 
- 162 - 
adjustment (50): petroleum products are now traded in the investment 
sector using the economic prices of imports and exports. An attempt 
has also been initiated to move the subsidy from the production to 
the distribution stage in order to differentiate between the income 
groups deserving the subsidy. A 20% gradual increase in the price of 
energy sold to the investment projects is being implemented, in order 
to get the domestic energy prices to their equivalent international 
prices within five years. 
This brief analysis highlights the importance of an energy price 
adjustment if the economy is to continue growing and if the sector is 
expected to continue driving the overall development of the economy. 
It has also emphasised the importance of a phased gradual adjustment 
which could be more easily accepted without causing undue tension. 
The evaluation of any suggested energy price adjustment has to be 
within its impact on the overall economy and its contribution in 
achieving the desired economic and development goals. 
Conclusion: 
The preceding discussion of the link and role of the energy sector in 
the Egyptian national economy demonstrates the-pressing need for an 
energy plan which incorporates both the energy demand requirements 
and supply availabilities together with the desired economic and 
developme opals, which is the objective of this study. The impact 
of the energy prices system was emphasized and the pressing need for 
a price adjustment as an initial requirement for effective energy 
planning was made clear. 
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However, the starting point in structuring such an energy planning 
model is to highlight the energy situation in Egypt as a background 
which reflects the characteristics of the energy market which will be 
modelled. 
CHAPTER 4 
ENERGY IN EGYPT 
-164- 
CHAPTER 4 
ENERGY IN EGYPT 
Egypt is one of the NODC which could be placed within 'the middle 
income group'. Per capita income was developed from £E 42 in 1952 to 
LE 56.4 in 1960 and £E 90 in 1970 and LE 393.1 in 1980 recording a 
high growth rate of 9.3%. The Egyptian economy is a fast growing 
economy which is somewhere between the post industrial societies and 
the developing agricultural economies, and hence has its own 
peculiarities which reflect its economic, social and development 
structure. Since 1976, the energy sector became the main driving 
force of such development with its large exportable capacity. 
Although Egypt is not one of the major oil exporters, its energy 
sector, through its different activities, covers most of its increas- 
ing energy needs and represents a major source of foreign currencies 
by exporting the surplus of crude oil and refined petroleum products. 
If the Egyptian energy sector is still successfully playing this 
multiple role in the development of the national economy, the 
question is, will this continue ... and for how long? In other words 
will the economy's rate of development still be attainable with the 
changing picture of international trade and particularly with the 
energy market changes? This is not an easy question to answer, but 
it is an important and crucial one which receives much attention 
among the government officials and the Egyptian energy experts. 
Management and planning of the energy sector is the only answer to 
this question and is the main concern of this chapter. 
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Setting an energy planning model requires, first of all, identifying 
the frame of the problem modelled to structure the suggested model 
within this frame. 
This chapters starts by identifying the energy situation in Egypt; 
demand patterns and supply availabilities, followed by an evaluation 
of the efforts so far taking place in studying the energy sector's 
problems in Egypt; as a starting point in structuring the suggested 
planning model. 
4.1 The Energy Situation in Egypt 
4.1.1 Energy Consumption Patterns: 
Energy consumption in Egypt incorporates both commercial and non- 
commercial energy. Non-commercial energy constitutes crop residues, 
animal waste and firewood and provides most of the energy used in 
rural areas for cooking, baking and - on a limited scale - for space 
heating. Though 58% of Egypt's population is living in rural areas, 
Table (4.1) shows that the share of non commercial energy has 
declined from 44% to 30% and is expected to reach 12% in the year 
2000 (51). The declining share of non-commercial energy is mainly 
due to the increase in rural household income and the government's 
efforts in developing rural areas through electrication schemes and 
social development plans. Rural households are gradually replacing 
non-commercial fuels by commercial fuels such as kerosene, LPG and 
electricity. In addition the expansion in agricultural production's 
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Table (4.1) 
The Structure of Total Energy Consumption (%) 
Commercial Non-Commercial Total 
Energy Energy 
1973 56.0 44.0 100.0 
1974 57.3 42.7 100.0 
1975 58.8 41.2 100.0 
1976 60.6 39.4 100.0 
1977 62.6 37.4 100.0 
1978 64.4 35.6 100.0 
1979 65.9 34.1 100.0 
1980 69.3 30.7 100.0 
Source: Ministry of Planning A. R. E. "The Five Year Plan" 1982/83 - 
1986/87 - Volume No. 5 
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mechanisation is expected to replace animal and human power. 
Commercial energy in Egypt includes petroleum products, coal, elec- 
tricity and natural gas*. The country's consumption of commercial 
energy increased during 1952-1981 from nearly 3 million tonnes of oil 
equivalent (TOE) with no hydro power, to about 17 million (TOE)** 
with hydro-power accounting for 20% of total consumption***. With 
non-commercial energy estimated roughly in the range of 3 million 
(TOE), total primary energy demand in Egypt reached 20 million (TOE) 
(52). 
Although the rapid increase in gross energy consumpion looks alarm- 
ing, a detailed view is needed to identify the structure of such 
increasing demand. Table (4.2) reflects the general structure of 
commercial energy demand in Egypt between 1973 and 1980. Petroleum 
products seemed to be dominating the consumption pattern with nearly 
82% share, followed by 11% share of electricity leaving the remaining 
7% to be covered by coal. Going to further disaggregation, 16% of 
the petroleum products' share goes to thermal electricity, as 
mentioned before, and is not expected to decrease. The growing 
* Natural gas production only started from October 1975. 
** The value of 1981 total consumption was estimated, using the 
import-export prices of 1981, as 4400 million dollars. 
*** Out of the 80% share of petroleum products, 16% is consumed in 
thermal electricity generation, thus bringing the actual 
electricity share in the total commercial energy use to about 
36%. 
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consumption of electricity, together with the exhaustion of nearly 
two-thirds of the hydro-power potential of the Nile with the 
installation of nearly 2475 MWe at the High Dam and Aswan Dam, forced 
the sector to expand the use of gas oil for electricity generation; 
as the construction of the gas power units is faster and needs less 
than a year, whilst thermal units need not less than 3 years. Table 
(4.3) illustrates this alarming fact regarding the increasing share 
of thermal electricity in total electricity consumption during 
1952-1981. Thermal electricity which was accounting for 100% of 
national needs before the use of hydro-power, declined to 65% in 1965 
with the construction of the High Dam and Aswan Dam, and declined 
further to 30% in 1975 with the peak production of hydro-power. This 
share was increased again to 54% in 1981 with the decreasing 
participation of the hydro-power capacity in supplying growing needs 
for electricity. 
This pointed to a critical fact that out of the increasing consump- 
tion of energy in Egypt, oil plays a principle role either through 
the direct use of its products or in providing nearly half the 
country's ever-increasing need for electricity. Therefore,, putting 
these facts together and considering the changes that emerged in the 
oil and energy market which raised the price of an oil barrel from 2$ 
to nearly 35$ in 1981, the magnitude and nature of the energy problem 
in Egypt could be demonstrated. Up till now, the problem has been 
not how to import such increasing needs as the sector is now in its 
boom period and provides most of these needs. The actual problem is 
that with an expected consumption of 65 million (TOE) in the year 
2000 and a declining participation of hydro-power to not more than 
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the equivalent of 5 million (TOE), the sector will have to provide 
nearly 60 million (TOE) with a value of 15.5 million $ using 1981 
prices (52). * 
A concluding remark from the analysis of the general structure of 
energy consumption patterns indicates that the energy demand 
structure has changed in favour of the most expensive sources. The 
share of commercial energy demand increased and is expected to 
continue increasing with the decline in the share of non-commercial 
energy; and the share of electricity in total commercial energy is 
increasing too. 
A more disaggregated analysis of oil consumption as the main dominate 
source of commercial energy, is displayed in Table (4.4)**. Total 
consumption of petroleum products has been growing at fast rates 
reaching 53% and reflecting the surge in economic activities which 
accompanied the declaration of the "open door" policy, the reopening 
of the Suez Canal and the general rise in the standard of living, 
together with the increase of population by 2.5% per annum. The 
alarming aspect of this phenomenon is that, though Egypt uses its 
* Even using the current decling price of 28$/b, the problem will 
still be of a great financial magnitude, assuming the continuity 
of the declining price of oil per barrel privalled in 1983, 
which is not quite certain. 
** The analysis will cover the period 1975-1981 where the main 
structural changes in the Egyptian economy took place. 
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domestic resources in covering its energy needs, it is not one of the 
large oil exporting countries. The increasing consumption means less 
exports and hence less support to the weak balance of payments, as 
explained in Chapter 3. The growth in gasoline consumption by (6.1%) 
will affect the exported quantities of naptha. The (4.03%) increase 
in fuel oil consumption means less exported quantities, and, at the 
same time, reduces its sales to foreign tankers through bunker opera- 
tions which will, in turn, affect another source of foreign exchange. 
The problem behind the increasing rates of liquified petroleum gas 
consumption is that the domestic crude does not yield sufficient 
quantities of LPG and therefore it is mainly imported. With the 
increase in its price since the 1970s, and the high subsidy set by 
the government to provide it at a reasonable prices, its negative 
effect on the balance of payments is increasing*. 
As a matter of fact, the (5.8%) growth rate in commercial energy 
consumption, just between 1975-1980, is quite high using any measures 
and compared to consumption growth rates in different developing 
countries at the same development level. The high correlation 
between energy consumption and economic growth especially during the 
early stages of development is mainly behind this phenomenum. A 
further analysis of the energy demand pattern sheds some light on the 
distribution of total demand over the national economy's sectors. 
Tables (4.5) and (4.6) portray the structure of petroleum products 
and electricity consumption in Egypt from which some observations can 
be drawn. 
* Refer to section 3.3.3. (p. 153). 
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Table (4.6) 
Sectoral Consumption of Electricity (X) 
Agri- General Govern- High 
Industry culture Purpose Residential ment Dam Total 
1966 71.2 5.3 5.7 11.3 4.1 2.4 100 
1967 70.0 4.5 6.0 13.0 4.5 2.0 100 
1968 69.0 6.0 7.0 13.0 4.0 1.0 100 
1969 67.5 7.0 6.5 14.0 5.2 0.8 100 
1970 67.0 7.5 6.0 14.0 5.5 - 100 
1971 65.0- 8.0 7.0 15.0 5.0 - 100 
1972 65.0 8.0 7.0 15.0 5.0 - 100 
1973 58.3 10.3 8.3 18.8 4.4 - 100 
1974 58.5 9.0 8.5 19.1 4.9 - 100 
1975 60.2 7.5 8.4 19.5 4.4 - 100 
1976 62.5 6.3 7.3 19.8 4.2 - 100 
1977 64.6 5.4 6.4 19.4 4.2 - 100 
1978 60.7 5.5 6.6 22.3 5 - 100 
1979 61.7 4.2 7.4 24.1 2.6 - 100 
1980 61.5 3.8 7.9 23.7 3.1 - 100 
1981 63.9 2.5 7.9 22.2 3.5 - 100 
1982 62.7 3.3 8.1 22.6 3.3 - 100 
Source: Ministry of Planning A. R. E. "The Five Year Plan" 1982/83 - 
1986/87 - Volume No. 5 
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The industrial sector which has been accounting for 20% of Egypt's 
GNP for more than a decade is the main consumer of electricity and 
dominates nearly 60-62% of its total consumption, besides being one 
of the major consumers of petroleum products, accounting for 20% of 
its consumption in 1975. This is not surprising with the announced 
government plans of industrial expansion and economic development 
which have a history that goes back to the 1950s, when massive 
industrialization was identified as the government's principle 
objective and was achieved by increasing government participation in 
almost all industrial activities. This policy diverted the efforts 
towards large, more prestigious and almost certainly higher energy- 
consuming industrial schemes. With limited foreign exchange 
the government was unable to renew and moderate the industrial 
sector's capital assets, acquire new technologies or adopt modern 
techniques. The share of the Egyptian industrial sector in total 
energy consumption is more or less within the range of most developed 
industrialised countries, a situation which the country will no 
longer be able to accommodate. 
The residential/commercial sector is the second major consuming 
sector of electricity with a share increased from 19.5% in 1975 to 
nearly 24% in 1980* due to the changes in the Egyptian population's 
lifestyle through increasing urbanisation, rural electrification and 
higher standard of living. Electricity is the main energy-form 
* This share could reach 31% when adding "general purposes" 
consumption to represent residential' and commercial use. 
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used in this sector for lighting, television, refrigerators and 
washing machines. The moderate temperature of the Egyptian climate, 
together with the space conditioning technologies being costlines, 
have made more space heating and cooling rare throughout the 
country. As for petroleum products, LPG and kerosene are the major 
products used for cooking and water heating. The sector's share in 
petroleum products consumption had declined from 18% in 1975 to about 
14% in 1980 reflecting the penetration of natural gas in residential 
consumption for cooking and water heating purposes in the major areas 
of Cairo and Alexandria. 
The agricultural sector though acounting for approximately 30% of 
Egypt's GNP and employing just under half the labour force, is not a 
major energy consuming sector. Its share in electricity consumption 
declined from 7% to nearly 4% with a constant share of 5% in 
petroleum product's gross consumption. This is mainly due to the 
significant role of non-commercial energy in rural areas. Animal and 
manual power still play a substantial role in the agricultural 
activities, and although the government is devoting much interest to 
rural development programmes, mechanization in Egypt is a slow 
process*. 
The transportation sector is the second major consuming sector of 
petroleum products, namely gasoline and gas oil (for rural transport- 
* For example, from 5,000 units of tractors in 1950, the inventory 
of fully operational machines is estimated to be only 16,000 
units in 1976. 
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ation). The consumption pattern in this sector is closely related to 
development and plans of the other sectors of the economy and hence 
its high share of consumption reflects the rate of development of 
the whole economy. Another factor is that the increasing standard of 
living has resulted in an increase in new private cars and trucks for 
urban use. At the same time, Egypt's new liberalized economic policy 
has contributed to increasing domestic and international air traffic 
and added to the dynamic performance of the transportation sector. 
In 1975, the electricity generating sector was in the third place in 
petroleum products consumption, accounting for 16% of gross consump- 
tion of fuel oil and gas oil. As explained before, the nearly full 
exhaustion of hydro-power, together with the increasing electricity 
demand, increased the reliance of the sector on petroleum products 
for electricity generation. In 1980, the sector stood in the first 
place as the main consumer of petroleum products with a share 
increase to 32% of total consumption. In spite of the increase in 
the amount of fuel oil used from 942,000 tonnes in 1975 to 2777,000 
tonnes in 1980, its share in total fuel needed for thermal 
electricity generation has declined from 81.9% in 1975 to 73% in 1980 
with the penetration of natural gas by 21% and gas oil and naptha 
providing the remaining 6%. 
The previous survey outlines the main features of energy consumption 
patterns in Egypt during the recent past from 1975-1980. The major 
conclusion is that the levels of energy consumption in Egypt are 
increasing dramatically. Gross consumption of energy increased 
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during the period 1975-1980 by 46% with an annual growth rate of 6% 
on average. Consumption of petroleum products increased by 53% with 
an 11% annual average rate of increase. Electricity consumption 
jumped by 67% realising an average annual rate of increase of 14%. 
These alarming signals directed the attention to the question of the 
main factors behind this surge in consumption levels. Are they 
subject to control or do they represent part of the Egyptian energy 
market's characteristics and hence have to be handled in an 
integrated way that adjusts all other related aspects together with 
the energy related issues? Three main factors could be generalised 
from the previous demand analysis as stimulators of energy demand 
levels. The first is the pattern of development plans which is 
behind the growing consumption of the industrial sector. Development 
plans in Egypt seem to be following the traditional approach of 
development, i. e. an energy-intensive industrial structure, 
neglecting the fact that the era of cheap energy is in its dying 
phase, and that currently available domestic oil would not last so 
long. Although this development policy was accepted, or more 
precisely, needed, with the beginning of the country's structural 
change in 1952 and during the 1960s with the economic reformation, 
alternative development policies are needed for the present and 
future. An industrial expansion with less energy intensive projects 
such as petrochemicals and engineering or tourism are desirable, and 
releases more of the limited oil resources for export purposes which, 
in turn, will provide a strong financial support for further 
development. 
4- , 
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The second and well known economic factor is the extremely biased 
pricing system of petroleum products and energy forms in general. It 
is known, from an economic point of view, that the market price 
mechanism is the most effective element in rationalizing energy use 
or in any prospective substitution of oil by any other form of 
energy. Unfortunately, the Egyptian economy is unable to follow this 
wisdom. Energy consumers are not paying the exact cost of the energy 
they are using, and therefore have no incentive to rationalize their 
consumption. If a solution for the pricing problem has to be gradual 
and on a medium to long term, a non-pricing measure could be 
implemented as a starting point. For industrial users, training 
programmes in production and maintenance processes are an option, 
whilst for household users, education and propaganda methods are 
appropriate by making people aware of external diseconomies of high 
energy consumption. 
The third factor is the "land reclamation" scheme. Egypt's pressing 
dilemma lies in the fact that more than 95% of its population 
inhabits less than 4% of its land in one million Km2. As an example, 
population density off the Western Desert, comprising three-quarters 
of Egypt's area, has only 0.26 persons per Km2; whilst in the fertile 
Nile valley the density jumps to 1,300 persons per Km2 (53). This 
unbalanced population density over the country, together with the 
high rate of population increase, represents a burden on the 
agricultural land of the Nile valley which is utilized for building 
purposes. To alleviate this burden, the government is adopting a 
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scheme for building new population centres in areas outside the Nile 
Valley, particularly in the Western Desert, along the Red Sea coast, 
in the Suez Canal Zone and in Sinai. These new communities are 
another stimulator for more energy consumption. Table (4.7) shows 
the construction sector as a significant user of natural gas which is 
expected to play a major role in future energy consumption in Egypt. 
In fact, another option could be to use the investment allocated for 
laying huge new cities to accommodate immigrants fleeing the country- 
side to make rural villages more habitable. Another stimulating 
factor is setting a fast replacement of non-commercial by commercial 
energy as a main objective. An alternative and practical option 
could be to improve the supply and use of locally available non- 
commercial fuels instead of trying to supply all rural hoseholds with 
electricity. The low efficiency of the transportation system in 
Egypt stands as the main factor behind its increasing share of total 
petroleum products consumption. In this context, an investment in 
better communication systems and railroads could be preferable to 
allocating much of the limited financial resources for highways 
construction. 
These options will not impair the country's development. They are 
but adjusted paths for the desired development in a petroleum era in 
its dying phase. 
4.1.2 Energy Supply Availabilities: 
A full understanding of'.,, the energy situation in Egypt requires, 
besides analysing the demand pattern, an assessment of the supply 
availabilities. Having discussed the energy demand in Egypt and its 
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increasing rate of growth, the question is what are the supplies 
available in covering it? 
A variety of primary energy resources are available in Egypt but in 
limited quantities and with varying potentials especially for non- 
renewable resources such as oil, natural gas, coal and minerals. As 
for renewable resources, water supplies are also limited. However, 
Egypt has much potential in solar energy. In the following, a brief 
assessment of the available energy resources, namely oil, natural 
gas, coal, hydro-power, nuclear and solar energy, is presented. 
The significant production of oil in Egypt began in 1969 with a 
production capacity of 85.2 million barrels. The events of the 
1970's enhanced the exploration activities and added 2.5 billion 
barrels to Egypt's proven reserve which is estimated to be 410 
million tonnes located mainly in the Gulf of the Suez Basin. Pros- 
pects appear favourable for substantial undiscovered reserves in the 
Western Desert and Sinai Peninsular. However the ratio of proven 
reserves to production, reached 14 in 1980 providing an alarming 
signal to the importance of efficient energy planning. This high 
ratio means that if no additional reserves are discovered and current 
production levels continue, the available reserves will be exhausted 
within 14 years, after which Egypt would return to being an energy 
importing country. Production of oil and natural gas has increased 
during the period 1975-1982 from 12 million tonnes to 35 million 
tonnes, as shown in, Table (4.8). 
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Natural gas became part of Egypt's energy supplies since 1975, as 
shown in Table (4.8), and is expected to play a significant role in 
the country's energy mix after the rapid development of its capacity 
from 33,000 tonnes in 1975 to about 2.5 million tonnes in 1982 with 
proven reserves of 90 billion m3 of non-associated gas. This is 
besides the available associated gas which is still wasted in Egypt 
by being used only for gas lifting of oil in producing wells while 
the balance is flared*. The Ministry of Petroleum, realising the 
importance of such wasted energy form, started an intensive programme 
to gather and utilise the associated gas at nearby facilities or in 
pipelines especially as the expansion of oil production has further 
increased the available gas. 
Coal deposits are not promising in Egypt. Few deposits have been 
discovered in Sinai and the Western Desert. Only the Al-Maghara 
deposits have economic recovery potential of 35 million tonne 
reserves. The limited supply of Egyptian coal is not of good coking 
quality and is used blended with imported metallurgical- coal (one 
part Maghara: 4 parts imported) as a feedstock in the iron and steel 
industry. However, imported coal is one of Egypt's potential options 
in covering the increasing demand for electricity. 
Hydro-power is one of the most important renewable energy resources. 
The River Nile is the significant source of surface water and has 
* Production rate of associated gas in the Gulf of Suez range 
between 11-28 m3 per barrel of oil. 
- 185 - 
Table (4.8) 
Production of Oil and Gas 
(1000 metric tonnes) 
Area 1970 1975 1980 1981 1982 
Sinai a 358b 5540 6187 6744 
Eastern Desert 1355 1846 1181 1245 1334 
Gulf of Suez 13446 7842 21664 23338 23936 
Western Desert 1603 1688 119 986 878 
Total 16404 11734 29404 31756 32892 
Gases - 33 1992 2240 2445 
Grand Total 16404 11767 31396 33996 35337 
(a) As a result of 1967 war. 
(b) The retaining of Sinai fields by the end of 1975. 
Source: EGPC - Petroleum Magazine - Annual Report. 1983. 
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been utilized intensively for irrigation, and municipal and 
industrial purposes with an average of three-quarters of total 
available capacity. However, hydro-power still holds much promise in 
Egypt through constructing another station in Aswan and using several 
mini-hydro sites along the river. This besides the potential of 
providing additional capacity from the "Qattara depression" project 
located in the Western Desert. 
Therefore, it could be concluded that oil, natural gas, coal and 
hydro-power are so far the available energy supply resources in Egypt 
which have to be considered in any short or medium (5-10 years) plan 
for the energy sector. But a word worth mentioning with regard to 
the future new sources of energy which will shape the long term 
supply availabilities. Nuclear energy is the most important form, 
its establishment activities have already started in Egypt with an 
objective of using it An the future as the main source for 
electricity generation. Egypt's prospected nuclear plan is to build 
a reactor with a capacity of 8,000 MWe by the year 2000 which will 
provide 40% of the total demand for electricity by that time. But 
still it is a long term, uncertain future energy source. 
A much cleaner potential renewable resource is solar energy. Egypt 
has a very high incidence of. solar radiation that could be used as an 
energy source in the-near future. Direct solar intensity ranged from 
1,800 KWh per'm2 to 2,500 KWh in upper Egypt. The efficiency of 
transforming this-solar power determines the actual energy that could 
be used. Assuming. a 10% efficiency rate, every square meter produces 
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250 KWh annually (51). Wind energy and geothermal energy are other 
potential sources of energy but are still in the early developmental 
stage and are being explored to assess their potential. 
4.2 Energy Studies in Egypt: 
Defining demand patterns and supply availabilities clarified the 
energy situation in Egypt and highlighted the aspects that have to be 
considered in modelling it. In developing the modelling framework it 
is essential to assess the efforts that have been implemented during 
the past few years to analyse energy issues in Egypt. 
The Egyptian energy sector is one of the most modern and active 
sectors in the economy. Since the 1970s the government officials 
realised the crucial importance of the sector and gave its develop- 
ment the utmost attention. The modelling efforts started taking 
place in the energy sector in the late 1970s, mainly on a 
disaggregated base covering a particular aspect of the industry such 
as crude oil allocation, optimal transportation routes and so on. 
With the growing importance of the sector, efforts started to be 
directed towards an aggregate planning of the whole sector's 
activities, and its interaction with the economy. Examples of such 
studies are: (1) The Ministry of Planning Study; (2) the joint Egypt 
and United States' Energy Assessment Study; and (3) The MIT/Cairo 
University series of energy studies. In this part, these studies 
will be surveyed in a brief way focussing on the methodology 
implemented in each with reference to some of their main results to 
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be used for comparison purposes with the results obtained from the 
suggested energy planning model. 
4.2.1 The Ministry of Planning Study (54): 
This study was conducted in 1981 to project energy demand in Egypt 
until the year 2000 using the traditional approach of relating energy 
demand levels to development targets. Assuming stability in commer- 
cial energy prices and an income elasticity of 1.05 during the period 
1975-2000* and an expected population of 65 million, energy demand 
was estimated using three alternative assumptions regarding economic 
growth targets: (i) doubling the average income per capita (ii) 
increasing average income per capita three fold; and (iii) increasing 
average income per capita four fold. Total demand for energy in the 
year 2000 was estimated as 115,1717 and 2322 Quadrillion Joules** 
for the three development assumptions respectively, as shown in the 
following table. 
Total commercial energy demand was then further disaggregated to 
demand for electricity, coal and petroleum products. Electricity 
* Most studies for energy demand in developing countries suggest 
an income elasticity of 1.3 . With the increase in energy 
prices, the elasticity was estimated to be 1.1 between 1976-1985 
and in the-range of 1-1.05 between 1985-2000 for middle income 
developing countries. 
** 1 tonne of oil equivalent = 4.186 x 10-5 quadrillion Joules (QJ) 
4.186 x 10 J. 
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Average rate of increase 
in income (1975-2000) 
Demand for energy year 
2000 (QJ) 
A* B* C* 
5.15% 6.8% 8% 
1151.00 1717.00 2322.00 
Average annual rate of 5.4% 7.1% 8.3% 
increase in energy demand 
between 1975-2000 
demand was estimated assuming a rate of increase of size one and a 
half (1b) times the rate of increase of total commercial energy**. 
The rate of increase in electricity demand was assumed to be 8.1%, 
10.7% and 12.5% in the three development assumptions. Therefore 
electricity demand in the year 2000 was projected to be 56400,102200 
and 153055 million KWh respectively. 
As previously mentioned, coal is mostly imported and used in the iron 
and steel industry after coking it. Therefore its projected consump- 
tion was estimated according to the maximum production capacity of 
"El-Nasr" chemical company which produces a maximum amount of 1.1 
million tonnes of coke using 1.46'million tonnes of coal. Assuming 
* The three alternative assumptions will be referred to as A, B 
and C respectively. 
** Following the assumption stated in most developing countries' 
demand studies, the rate of increase in electricity consumption 
is normally more than that of total commercial energy. 
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that any further expansion of this capacity will be met through 
producing "sponge iron" using natural gas, the estimated demand for 
coal in the year 2000 was estimated as 1.46 million tonnes needed to 
operate the coking coal factory to its maximum capacity. 
Having estimated total energy demand, electricity demand and coal 
demand the demand for petroleum products and natural gas was estimat- 
ed as a residual as 21.6,31.2 and 41.3 million (TOE) respectively*. 
Finally, the study highlighted the alarming aspects of such an 
increase in the expected demand by comparing the actual consumption 
figures in 1977 to the estimated demand for the year 2000 and showed 
that even with the lowest development growth, energy demand will be 
increasing dramatically, as displayed in this table. 
ABC 
Consump- Consump- % Consump- % Consump- % 
tion in tion in in- tion in in- tion in in- 
1979 2000 crease 2000 crease 2000 crease 
Electricity 13825 56455 408% 102200 739% 153055 110% 
(M. K. W. h) 
Petroleum 8.7 21.6 248% 31.2 35.9% 41.3% 475% 
product, N. G. 
(M. T. O. E. ) 
Coal (M. T. ) 0.960 1.46 1.54% 1.46 1.54% 1.46% 1.54% 
The study as described was meant to give just the expected magnitude 
of energy demand level. But it was mainly built on assumptions which 
have a great deal of uncertainty. For example, the assumption that 
* After converting the Quadrillion Joules to tonnes of oil 
equivalent. 
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the needs for the expansion of "the iron and steel industry will be 
met by natural gas is uncertain and conditional on realising enough 
gas. for the required expansion besides the establishment of 
industries which could utilise such amounts. This might bias the 
estimate of petroleum products demand which was calculated as a 
residual. 
4.2.2 Joint Egypt/United States' Energy Assessment Study (51): * 
This study was implemented in 1978 jointly by Egypt and the United 
States to assess -the country's energy resources needed to the year 
2000 and the energy demand and supply options which are available to 
Egypt now and to the year 2000. Contrary to the previous study, this 
study does not provide an energy plan, even in a general framework. 
It stands as a technical analysis which presents a thorough inform- 
ation base for energy planning in Egypt, by providing projections of 
energy demand, assessment of available supplies and possible supply- 
demand balance together with corresponding capital, manpower and 
equipment implications. 
The study employed an integrated analytical framework based on three 
basic processes: (i) Brookhaven National Laboratory's (BNL) Reference 
* The study is part of an international energy development pro- 
gramme for co-operation with developing countries in assessing 
their energy resources and their adequacy to meet their develop- 
ment objectives. Egypt was selected to be the first developing 
country to participate in this programme. 
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Energy System Approach (RES)* to portray energy demand-supply 
networks; (ii) the energy system planning model to assess the supply 
system's cost; and (iii) technical methods in analysing the 
penetration of solar energy technologies. 
The core of the whole analysis is the supply-demand option. A 
comparison case for energy supply-demand balance is constructed using 
the projections provided by Egypt with the associated implications 
such as energy resources consumed, capital investment required and 
implied exports or imports of oil. The comparison case is then 
compared with a set of strategies prepared by the U. S. team identify- 
ing alternatives or options in the demand and supply sector. Four 
primary strategies are constructed: maximum gas use, improved 
efficiency, accelerated renewable resources and nuclear capacity 
variations (medium, low and combined strategy) with the same 
corresponding implications of each option assessed as in the 
comparison case. 
A detailed or summary survey for this study is far beyond the limits 
and objective of this study; however, a brief review of the method- 
ology used in projecting energy demand is discussed in this part. 
The limited available data prevent the adoption of a "bottom up pro- 
jection" approach of energy demand. Therefore, the demand project- 
tions were prepared by the Ministry of Planning and the Institute of 
National Planning for 1985 and 2000 for six major economic sectors: 
* This method was previously referred to in Chapter 2 Section 2.2. 
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industry, transportation, agriculture, residential, utilities and 
others covering both demand for electricity and demand for petroleum 
products and natural gas*. Tables (4.9) is an example of these 
projections. The projections were then disaggregated using a set of 
ratios developed by the U. S. in the light of historical consumption 
patterns, penetration trends and so on. Table (4.10) is an example 
of the ratios used in disaggregating industrial demand for energy. 
As for non-commercial energy, the projections were prepared by the 
U. S. team based on estimating the quantity of non-commercial energy 
materials available and assuming that it would be consumed in line 
with the same histroical trend. The energy supply system was then 
constructed to match the projected demand applying the four 
alternative supply strategies and evaluating the impacts of each. 
The study as so far described, represents an integrated energy 
analysis approach and although not being considered as an energy 
policy, provides a good informative background which could assess 
further energy studies. However, some of its weak points are the 
demand projection which followed a trend approach and the percentage 
shares used in disaggregating it which were based on historical 
trends neglecting the major structural changes that emerged in the 
* The Ministry of Energy and Electricity provided the electricity 
projections and the EGPC provided the projections of petroleum 
products and natural gas. In both cases, the projections were 
based on the expected activity level of the: consuming sectors 
using historical trends and applying different growth assump- 
tions. 
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Egyptian economy. This is besides the unrealistic assumptions of the 
continuity of the non-commercial energy consumption patterns. 
4.2.3 The MIT/Cairo University Energy Demand Studies: 
Two of these studies will be discussed in this part, the petroleum 
and natural gas study, and the short-run energy-economy interaction 
study. Both studies addressed a completely different energy issue 
and use different methods. While the objective of the Ministry of 
Planning study was mainly forecasting energy demand, and the joint 
Egypt/U. S. study was an assessment and analysis for energy system 
options in Egypt, the MIT/Cairo University studies focus on the 
energy pricing system and its implication on the whole economy using 
different approaches. 
4.2.3.1 The Petroleum and Natural Gas Study (48): 
This study was undertaken in 1982 to identify the role of petroleum 
and natural gas in the Egyptian economy and assesses the impact of 
changes in energy prices or available quantities of crude oil and 
natural gas on demand levels through the two parts of the study; the 
supply side which assesses discovery and production, and the demand 
side which describes the uses of these two resources in the Egyptian 
economy. The discussion of this model is concentrated on the supply 
model which constitutes the core of the study. The demand side 
describes the participation of the sector in the national economy and 
its inter-action with the other economic sectors, through comparing 
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the changes which occurred in this inter-action as recorded in the 
economy's social accounting matrix of 1977 and 1979*. 
The supply side analysis is based on a geological survey of Egypt's 
potential oil and natural gas production. Using the geological data, 
a dynamic simulation model was constructed to assess oil production 
until the year 2000 and the resulting financial revenues. Egypt's 
petroleum model (EPM) incorporates the four main aspects of the oil 
industry: (i) the supply of oil which is assumed in the model to be 
determined by the desire to produce oil as represented by the 
investment in exploration either by foreign oil companies or by the 
government which is, in turn, determined by the expected cost 
(current marginal cost per barrel) and revenues (oil price per 
barrel; (ii) the demand for oil was estimated using a base demand 
which is equal to previous demand levels plus expected demand 
growth. The expected demand growth is estimated as a function of an 
economic growth of (6x) and an income elasticity approximately 1.0. 
The base demand is then adjusted using a price multiplier effect of 
-0.3 to allow for testing different pricing policies; (iii) the 
financial sector to identify the distribution of the oil revenues on 
ground of the production sharing contracts**, as well as the 
allocation of Egypt's share between domestic uses and export purposes 
* The role of the energy sector in the Egyptian economy was dis- 
cussed in Chapter 3 and this study was referred to during the 
discussion and hence it is not included here. 
** The study used a' constraint division of 80/20 for the Egyptian 
government and the foreign partner respectively. 
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in order to assess Egypt's oil revenues; and (iv) government policies 
regarding depletion rates, production sharing percentages, domestic 
prices of petroleum products, etc. 
In the simulation process, the main exogenous variables were prices 
of oil, domestic and international, which were assumed to be 
increasing gradually with a slower rate of increase for the domestic 
prices of one dollar every five years. Price scenarios were the main 
driving factor for the whole simulation exercise. They affect 
exploration activities, demand, finance and government policies. 
As for natural gas, the objective was to assess its potential sub- 
stitution for petroleum. Therefore a linear programming model was 
used to estimate the natural gas shadow prices which reflected its 
value to the Egyptian economy and could be used to determine its 
optimal price. The model was formulated to serve another purpose 
too, namely to assess the shadow prices of production capacity for 
processes which use natural gas to determine its value for these uses 
and how it improves Egypt's foreign exchange position. 
The objective function of the gas linear programming model was to 
minimize the foreign exchange costs through selecting an optimal mix 
of fuels used in producing certain goods, subject to the exogenously 
specified demand for these goods, production and transportation 
of natural gas, and the capacity of the processes producing these 
goods. The shadow price of natural gas was $112/CU-m for Abu- 
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Gharadique and $115/CU-m for the gas of Abu-Madi exclusive of 
production and delivery costs which when added raised the price to 
$130/CU-m for both fields which 'fell within the range of inter- 
national quoted prices as shown in table (4.11). As for the major 
consuming industries*, the optimal solution of the model implied that 
the use of natural gas is valuable in the cement and fertilizer 
industry. Although the expansion in natural gas use in electricity 
generation might release more of the oil used in thermal power and 
hence improve the objective function, this expansion lies outside the 
bounds of the natural gas production capacity constraint and 
therefore, realising such expansion would need an increase in 
natural gas production. 
4.2.3.2 Short-Run Energy/Economy Interaction in Egypt: (55) 
This study was implemented in 1983 as a joint part of the previous 
study with the same objective of measuring and analyzing the effect 
on the national economy of restructuring the energy pricing system 
but using different approaches to cover the main weak point in the 
previous study, namely the inaccurate representation of the inter- 
action between the energy sector and the rest of the economy. 
The model is structured within Taylor's general equilibrium macro- 
economic model framework. The model is based on the identities of 
the 1977 social accounting matrix (SAM) and its overall macro balance 
* Cement, fertilizers, electricity, iron and steel and residential 
commercial users. 
/ 
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Table (4.11) 
Natural Gas Prices 
($/CU-m, cif) 
CU/MIT Energy Project (1979 to 1982) 
. 130 
USA (March 1980) 
from Algeria (LNG): . 120 
from Canada: . 168 
from Mexico: . 136 
Japan (March 1980) 
from Abu Dhabi (LNG): . 201 
from Indonesia (LNG): . 186 
from USA (LNG): . 131 
Austria (March 1980) 
from USSR . 142 
United Kingdom (March 1980) 
from Algeria (LNG): . 116 
Source: (48) 
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disaggregated in terms of agriculture, construction, heavy industry, 
light industry, transportation, other sectors, Suez Canal, oil 
extraction, oil refining and other energy i. e. electricity and 
natural gas.. The model's results indicated that although restructur- 
ing energy prices would enhance rationalization in the consumption 
level and encourage conservation it would, through the reduction in 
the consumption of energy in the economy, increase inflation and 
reduce output. Therefore a gradual increase in energy prices is 
recommended. 
Conclusion: 
The previous survey of energy studies in Egypt pointed to the fact 
that energy modelling is increasingly taking place, and relatively 
sophisticated models being used. The purpose of this chapter was to 
introduce the case of Egypt in particular. Having specified its 
energy demand pattern and supply availabilities and surveyed the 
different attempts in studying its energy problem, the next step is 
*to suggest a planning framework for the energy sector focussing on 
its inter-action with the national economy in a simple framework 
which can reflect such inter-action with the limited available data. 
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CHAPTER 5: 
THE ENERGY PLANNING MODEL: 
THE MACROECONOMY MODEL 
Previous chapters present the theoretical framework of the problem 
under investigation; namely, energy analysis and planning in Egypt; 
in a broad context which introduces energy modelling in general, the 
inter-action between the energy sector and the Egyptian economy as a 
whole and finally, highlights the energy situation in Egypt. 
This chapter deals with the empirical application of the energy 
planning model. A simple outline of the framework adopted for the 
complete model is presented first, followed by a note on the 
statistical interpretation of the estimates. Finally a discussion of 
the theoretical underpinning, specification, estimation and 
evaluation of the first block: the macroeconomy model is presented. 
5.1 The Analytical Framework: 
In chapter one, it is emphasised that the methodology used in 
achieving the specified objective of the study is based on the model 
building approach, employing the concept of energy-economy inter- 
action. The suggested analytical framework is placed within these 
broad definitions, although it is not claimed to be a complete 
optimal framework. It accounts for the specific characteristics of 
the Egyptian economy in general and the energy sector in particular, 
attempting to make the best use of the limited information available. 
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An adequate framework for energy planning has to reflect the 
country's unique characteristics. There are, however, some general 
characteristics an analytical framework must also have (56): 
(i) It has to relate energy development plans to national economic 
plans. 
(ii) Inter-fuel competition, inter-resources and technology 
substitution and the rate of substituting commercial for 
non-commercial energy have to be considered. 
(iii) It has to consider the relative balance between agrarianism 
and industrialisation, particularly in developing countries 
which are passing through this transformation phase. 
(iv) The main interest of the analysis has to be technological 
assessment rather than simply energy demand and supply 
predictions. 
In the case of Egypt, unavailability and inadequacy of data prevents 
the construction of a framework that has all the desired character- 
istics. It was extremely difficult to obtain reliable disaggregated 
energy data. There are no historical data on fuel consumption by end 
use. Therefore, inter-resource and technology substitution was 
excluded from the analysis. Sufficient data regarding the pattern 
and magnitude of non-commercial energy consumption is nearly non- 
existent. Consequently, the substitution of commercial for 
non-commercial energy was difficult to assess in spite of its 
importance in influencing commercial energy demand. This is in 
addition to the major problem which constraints the energy planning 
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tasks, namely, the subsidised energy prices which give missleading 
market signals. This makes any attempt at assessing possible 
interfuel competition of only marginal use. 
Accordingly, it was clear that the energy situation in Egypt with all 
its peculiarities needs a "tailor-made" framework which focuses 
mainly on the critical link between the energy sector and the 
Egyptian economy as a whole. 
As an initial step in forming the framework of the analysis, two 
points were borne in mind: the first is that an extremely simple 
extrapolation model of past trends will not be useful in planning a 
sector as critical as the energy sector in Egypt, which permeates the 
whole economy and is more extensive than any other sector. The 
second is that strong inter-action between the structural component 
of the problem, together with the data problems, prevents the 
complete quantification of the problem, where political, social, 
economic and demographic factors are strongly inter-related. These 
two points set the base for the first feature of the analytical 
framework which is a combination of the mathematical and normative 
approaches. 
As previously mentioned, the energy sector in Egypt, with its two 
sub-sectors, petroleum and electricity, is totally owned and run by 
the government. Since 1978, the sector has become one of the major 
financial contributors to the country's economic and social develop- 
ment.. This points to the need for integrating its planning within 
the framework of a national energy plan linked to. the rest of the 
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economy. This highlights the second feature of the framework which 
is to be an integrated though disaggregated framework, as shown in 
the figure below. 
The rest of the economy 
Energy 
Policy 
National 
Goals 
I The Energy Sector I 
oil sub-sector Electricity sub-sector Other energy 
i sub-sectors 
Source: Based on (73). 
The disaggregation appears in the analysis of separate sub-sectors 
within the energy sector, employing factors which influence the 
performance of each of these sub-sectors. The integration comes in 
incorporating the sector as a whole within the national plan of the 
whole economy. 
Due to the strong inter-action between the different components of 
the energy planning task, the idea of constructing a large, expanded 
model which would incorporate all related sectors and reflect all 
influencing factors was abandoned. The wide diversity and variety of 
economic and social realities is becoming less easy to accommodate in 
a single model employing a single technique. Accordingly, the frame- 
work was built to consist of an integrated system of models which are 
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autonomous and consistant. The sub-models making up the system are 
based on various methods to suit the specific nature of each model, 
with an integrated model driving the behaviour of the other 
sub-models included in the system. 
Egypt's integrated energy planning model consists of three main 
blocks of interacting models: the macroeconomy model, the energy 
demand model and the energy supply model. This is in addition to the 
integrated planning model, which drives the whole system through a 
dynamic simulation framework employing the desired national goals for 
the economy and the energy sector as instrumental variables in the 
simulation runs, as shown in Figure (5.1). 
The basic idea behind the suggested system of models is the 
'absorptive capacity' of the economy which determines its energy 
demand level and supply strategy as presented in A. Ezzati's "Frame- 
work for OPEC Price and Production Strategy" (16). In Ezzati's 
model, a set of macroeconomic, oil demand and oil supply equations 
were estimated using econometric techniques. The estimated models 
were used as inequality constraints in an optimization framework to 
maximize a specific objective function. His basic idea was that the 
production of crude oil has to be within the absorptive capacity of 
the economy measured through macroeconomic equations or constraints. 
In Egypt's energy planning model, the same idea of linking the energy 
models to ä macroeconomic model is employed. Energy demand and 
energy supply model are constructed and linked to a simple macro- 
economic model of income-expenditure and solved together to determine 
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energy supply availabilites and demand requirements within the 
macroeconomy. 
The difference is that the system of models is solved, in the case of 
Egypt, through a dynamic simulation approach rather than an optimiz- 
ation approach. Therefore, the estimated models are used as 
equalities and not as inequality constraints. This takes account of 
the fact that commercial energy, and not only oil, is the subject of 
consideration in Egypt's energy plans. Consequently, the demand 
model refers to total commercial energy and the energy supply model 
incorporates both oil and electricity supplies. 
Using the output of the simulation model, an energy balance could be 
constructed by comparing projected energy demand and forecasts of 
energy supplies, to define any surplus or deficit. An energy balance 
is constructed for each policy package to be used, with other target 
variables, in assessing the appropriate energy policy for the sector, 
which ensures that future energy requirements will be satisfied 
within the available energy supply and within the macro-economic 
requirements of development and growth. 
Therefore, the different formulated policies are tested for their 
impact on the rest of the economy through the realisation of the 
desired national goals, measured by growth in the main indicators 
such as GDP, investment and particularly investment in the non-energy 
sectors which stand as the link between the energy sector and the 
economy. 
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5.2 Econometric and Statistical Considerations: 
Employing the model-building approach, econometric techniques are 
used, particularly the least squares technique, in estimating the 
three blocks of models comprising the energy planning model. The 
procedure of building an econometric model starts with specifying, 
estimating and then evaluating individual equations. Through these 
procedures, economic theory, econometric and statistical criteria 
have been used. 
Economic theory helped in the specification stage by directing 
attention to obvious explanatory variables. It also helped in the 
evaluation stage by eliminating equations which violate our a priori 
expectations. For example, most energy demand models were specified 
as a function of an income and price variable, but through the 
estimation, the coefficient of income in some specifications appeared 
negative. Such equation was dropped as it contradicts economic 
theory and employs a negative contribution of income levels to energy 
demand. 
In testing the significance of the estimated parameters, statistical 
theory was employed through t-statistics, which is the regression 
coefficient divided by the standard error of the coefficient. The 
t-statistic tests the statistical significance of individual 
coefficients under the null hypothesis that the relevant population 
coefficient has a value of zero*. 
*1. A t-statistic of greater than two indicates that there is less 
than one chance in twenty that the true value of the estimated 
coefficient is zero. 
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Econometric criteria were used to deal with the problems of auto- 
correlation and multicollinearity and specification error. 
Autocorrelation appears when distrubances relating to different 
observations are dependent such as: (E(Ui Uj) -0 for i#J. This 
means that the estimated coefficient, although unbiased and consis- 
tant, is no longer efficient and therefore does not yield minimum 
variance. This results in artificially high t-statistics leading to 
the inclusion of variables which might not otherwise be statistically 
significant (57). To detect such problems in the estimated models, 
the most commonly used test, Durbin-Watson (DW), was used. The 
Durbin-Watson test measures the chances of existence of negative or 
positive autocorrelation at a particular level of significance**. 
(Cont)2. With 20 observations used in the models, and average degrees 
freedom of 18 (according to the number of the parameters in 
each model) the t-statistic values are: 
2.1 at 5% level of probability 
1.7 at 10% level of probability 
1.1 at 30% level of probability 
** 1. The DW-test is valid only under certain conditions. See [(57) 
pp. 251-252). 
2. With 20 observations (n - 20) and an average number of two 
explanatory variables the value of DW ranges between: 
dL 1.2, dU 1.4 at 5% level 
and dL 0.95, dU = 1.15 at. 1% level 
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It should be mentioned that, in detecting autocorrelation, no 
remedial action was taken. The remedy usually depends on the know- 
ledge of the nature of independence among the disturbances. With a 
small sample size and unreliable data base, it was felt that any 
remedial action would not be sufficient. The equation which showed 
autocorrelation was simply dropped in favour of other specified 
equations with no auto correlation, or with a more favourable (DW) 
value. 
Economic variables in general tend to move with time. Since the 
specified system of models is based on statistical observations 
collected over time, multicollinearity was an expected problem. It 
arises when one or all explanatory variables are highly, but not 
perfectly, correlated with each other. One serious outcome of this 
problem is that the variances of the estimated coefficients tend to 
be large, leading to incorrect exclusion of a variable whose 
coefficient might otherwise be significant [(58)-pp. 380-389). In 
this work, multicollinearity was expected especially in the 
specifications which used the time series data of variables moving in 
the same direction such as specifying energy demand as a function of 
GDP and population. We did not try to drop the variable causing 
multicollinearity, otherwise we would be introducing a specification 
error problem. The system of models developed for energy planning in 
Egypt is intended more for prediction than for reliable estimation of 
the parameters. 
Specification error arises from incorrect specification of the model; 
and particularly from excluding a relevant explanatory variable. -or 
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including an irrelevant one. The exclusion of a relevant variable is 
more serious [(57)-pp. 168-169] as it renders the estimated 
coefficient baised. It is worth mentioning here, that this problem 
is quite common in any study of developing countries, particularly in 
the energy area. Insufficient data, and the significant role played 
by social, political and demographic factors which are hardly 
quantifiable tend to prevent the inclusion of many relevant 
variables. This was experienced in specifying the investment 
function in the macroeconomy model and in the sectoral energy demand 
equations in the model. Consequently, some specification error is 
presented in the different models as is always the case in the 
macroeconometric and energy modelling of developing economies. 
In the remainder of this chapter the first block of the energy 
planning model, the macroeconomy model, is presented. 
5.3 The Macroeconomy Model 
In specifying a macroeconomic model two approaches could be used. 
One is the neoclassical approach which grew out of the marginalist 
school and found its basis in maximizing behaviour, where the market 
economy is assumed to be self-regulatory (61). Accordingly, gover- 
ment intervention is unnecessary and brings distortions to the 
economy. 
The other, the Keynesian approach, which had its heyday in the 1940s, 
is based on the assumption that the market economy, once it is 
disturbed, can not adjust automatically to equilibrium without 
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specific policies from the government. Hence, government interven- 
tion in managing and controlling the economy through fiscal policies 
is necessary to achieve full employment, stability and growth, with 
the influence of money on the macro variables being ignored. 
Each of these approaches has its reasons and can usefully be applied 
in different economic environments. As for the case of Egypt, the 
public sector plays an extensive role in all activities and dominates 
the whole economy. Since the 1950's, government intervention has 
become one of the main economic features of Egypt*. This, together 
with relative absence of financial institutions, were the reasons why 
the macroeconomic model was structured within a Keynesian framework 
in this study. 
Most of the macroeconomic models which accompanied the beginning of 
the Keynesian revolution were characterised by a high degree of 
aggregation, where individual behavioural relationships are 
suppressed and the structure of the model describes broad aggregates 
only. For example, the assumption that individual consumption 
behaviour varied directly with the disposable income is extended to 
underline a relationship between aggregate consumption in the economy 
and national disposable income. With this aggregated approach, the 
standard analytical techniques were used to determine the time path 
of the endogenous variables, assuming, complete certainty. 
In the case of Egypt, such an aggregated approach would be useful if 
* Despite the Open Door policy, the Egyptian economy is still 
governed basically by the public and government sector. 
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the purpose were just to analyse the whole economy and its pace of 
growth in general terms. But with the objective of planning one of 
the main sectors of the economy, the energy sector, through its 
inter-action with the whole national economy, such aggregated 
approach would be misleading. A working model must be one that has 
the ability to do more than illustrate a fine point in theory (62). 
It must be able to describe the actual economic situation and its 
main features. 
The previous chapters pointed to the emergence of the energy sector 
with its large export capacity and financial revenues occupying 45% 
of total exports in 1981/1982 and nearly 20% of GDP, a phenomenon 
which characterises the past ten years of the Egyptian economic 
history and stands as a major factor behind the rapid overall growth 
rate since 1974 which averaged 8% in real terms. 
This fact highlighted the need for a more disaggregated approach 
which, although within the Keynesian framework, was more disaggreg- 
ated in some of its components in order to facilitate the analysis 
and planning in the sector under consideration. The model is highly 
aggregated except for exports and total investment where more dis- 
aggregation is introduced to reflect the role of the energy sector's 
export in driving the growth of the economy*, and to provide a link 
* The composition of Egypt's exports in 1981 shows the petroleum 
sector occupying 45%, cotton 12.6%, other agricultural goods 
3.2%, other manufactured goods 6.3%, Suez canal 13.9%, tourism 
11.2% and other non-factor services 7.8% (49). 
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between the macroeconomic model and the other two models; energy 
demand and supply. 
The approach used to build the macro model is econometric, based on a 
sample period containing aýtime series of macroeconomic data from 
1960-1980. The economic relationships are estimated and evaluated 
over the time series of the sample period, together with some 
necessary economic identities. 
As is well known, econometric techniques are useful only for short 
term economic analysis, where econometric functions can be extra- 
polated forward with reasonable accuracy. Therefore, the model will 
be used for a fairly short term horizon up to the year 1987*. Within 
this short period, -it should be possible to predict the exogenous 
variables of the model and assume that the structural patterns of the 
behaviour relationship will prevail. 
With these general considerations in mind, Egypt's macroeconomic 
model could be described as a simple, two-sector macroeconomic model 
of income generation which is Keynesian in nature, conceptualized to 
capture the basic historical structure of the Egyptian economy and to 
predict the path of its growth in the near future. 
** The year 1987 is selected for two reasons: 
a. To reflect a short term forecast within which estimated 
coefficients could be assumed valid., 
b. To use the 1987 'Five Year Plan' as a target to evaluate the 
forecasted policies. 
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In choosing the model's final structural equations, a number of 
regression equations were specified, when necessary, on different 
theoretical grounds, estimated and tested to select those which 
showed the best statistical fit. This section starts with the basic 
identity of national income accounts, and then moves to determine its 
individual components. 
The National Income Identity: 
Yt -Ct+Gt+It+Xt -Mt (1) 
where, gross domestic product in millions of Egyptian pounds (£E) is 
equal to private final consumption (Ct), plus government expenditure 
(Gt), plus total investment (It), plus export receipts of goods and 
services (Xt), minus import spendings on goods and services (Mt). 
In the remainder of this section each of the national income identity 
components is considered*: 
Private Consumption: 
Many regression equations for private final consumption expenditure 
*1. The purpose will not be to survey all theories underlining each 
component. The most commonly used functional relationship with 
relevance to the context of Egypt will be referred to. 
2. All time series data used in the regressions are given in 
Appendix (A). 
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were specified and estimated. The following give the best results*. 
1. Ct - -400 + 0.178 YDt + 1.00 Ct_1 R2 = 99.5 
(-3.04) (1.51) (3.71) s. e. = 191.8 
DW = 1.30 
2. Ct - 942 + 0.465 YDt -26.4 Pct + 0.822 Ct-1 
Ä2 
- 99.8 
(3.19) (4.71) (-4.77) (4.49) s. e. - 127.1 
DW - 2.59 
3. Ct 27.7 + 0.612 YDt R2 = 99.2 
(0.34) (49.51) s. e. = 244.8 
DW - 0.73 
4. Ct - -83 + 0.943 YDt-1 -0.243 YDt-2 R2 a 98.8 
(-0.48) (3.43) (-0.68) s. e. - 215.4 
DW - 1.34 
*1. The summary statistics are shown as follows: R2 is the adjusted 
coefficient of determination measuring the percentage explained 
in the behaviour of the dependent variable by the set of explana- 
tory variables used. (D. W. ) is Durben-Watson statistics measur- 
ing first order autocorrelation. All the t-tests are shown in 
parantheses under the coefficients of the respective explanatory 
variables. 
2. National disposable income is used as a proxy for personal 
disposable income. 
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5. Ct -255 + 0.547 YDt + 103 rt R2 a 98. 8 
(-0.77) (14.70) (1. 16) s. e. = 215. 6 
DW ° 1.20 
Equation 1 reflects the 'habit persistance' hypothesis (63). Accord- 
ing to this hypothesis, consumption expenditure responds to income 
changes with a lag resulting from the effect of consumption habits 
built up over time. The regressors used explain 99.5% of the 
variations in consumption. All the variables have the correct sign 
and are significant at a 5% level or more. 
A price variable is introduced in equation 2 assuming that money 
illusion may affect consumption behaviour by generating speculative 
changes in expenditure. An index number of the cost of living* is 
used. The summary statistics improved significantly with the 
regressors explaining together 99.8% of the variation in Ct with a 
very high significant level of 1%. 
In equation 3 consumption is assumed to be a function of disposable 
income only, on the grounds that aggregate private consumption 
behaviour is likely to be affected by gross national income less 
direct tax. The regressor appeared very significant and explains 
99.2% of the variation in consumption behaviour. 
* The consumer price index 1970-100 is used as a proxy for the cost 
of living. 
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Samuelson and Hicks' (64) multiplier-accelerator provides the basis 
for the specification of equation 4, where only lagged values of dis- 
posable income are used. This implies that individual adjustment on 
changing income levels will not take place immediately. The lagged 
values explain 98.8% of the variation in consumption, but the high 
correlation of 0.99 affects their significance. 
An attempt is made in equation 5 to capture the effect of interest 
rates using a discount rate as a proxy. This is based on the 
classical theory that high interest rates increase savings and 
restrict consumers credit conditions resulting in depressed consump- 
tion levels. The regressors explain nearly 99% of the variations in 
Ct, but the high correlation of 0.91 between the interest rate and 
the income variable renders it insignificant and with the wrong sign. 
Equation 2 appears to be statistically the best of all tested private 
consumption functions. It includes most relevant variables, income, 
price, and accounts for the lagged adjustment of consumption levels. 
This is in addition to having all the regressors with the right sign 
and high significant level explaining together 99.6% of the variation 
in private consumption. Equation (1) provides also a good explana- 
tion of Ct" It was selected owing to simplicity to incorporate it in 
the simulation stage, -as the consumer price index (Pc) in equation 
(1) cannot be treated as a controllable policy variable. Therefore 
the equation used in the model for private consumption is: 
Ct - -400 + 0.178 YDt + 1.00 Ct-1 (2) 
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Government Consumption Expenditure: 
Owing to the low rates of savings in the national income in Egypt, 
the government plays an active role in the economic growth by 
intervening in economic life, controlling and regulating economic 
activities. The share of government consumption in GDP increased 
from 20.7% in 1974 to 24.9% in 1976 due to the increased defence 
expenditure during this period. By 1980, this share decreased to 20% 
reflecting the stable political situation. Apart from this 
transitory expenditure, a large proportion of government expenditure 
is devoted to consumption goods, either in the form of expanded 
administration or spending on the social sectors such as education 
and health. This is in addition to the burden of - direct consumer 
subsidies to finance private consumption. 
Government consumption expenditure is financed through government 
revenues which incorporate tax revenues, direct and indirect, on 
income and goods and different transferred revenues, besides the non- 
tax receipts which include transferred surplus, Arab and foreign aid 
and any other receipt and transfers. 
Two equations were specified and estimated. for government consumption 
expenditure, as follows: 
1. Gt - 65.6 + 0.105 GRt + 0.833 Gt_1 
12 - 98.8 
(1.54) (4.87) (9.67) s. e. - 75.25 
DW -" 1.81 
i 
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2. Gt - 82.3 + 0.107 GRt + 0.792 Gt_1 + 42.3 D1974 R2 s 98.7 
(1.59) (4.81) (7.13) (0.60) s. e. - 76.7 
DW s 1.83 
Both equations use government revenue and lagged government consump- 
tion as explanatory variables which appeared very significant at 1% 
level and with the expected signs. 
In equation 2, a dummy variable is used to account for the major 
structural shifts which accompanied the sample period and affect the 
behaviour of Gt. The specification showed very significant results 
measured by the high R2, ' the significant regressors and improved 
results for DW*, but with a very low significant level for the 
variable. 
Accordingly, government consumption expenditure was introduced into 
the macroeconomy model as: 
Gt - 65.6 + 0.105 GRt + 0.833 Gt-1 
As previously mentioned, the sources of government revenues in 
general are direct tax, indirect tax and all sources of non-tax 
income transferred from productive government enterprises or others. 
* If an equation contains a lagged endogenous variable as one of 
the exogenous variables, DW results will be biased upwards 
indicating the absence of autocorrelation. In such cases DW 
results can not be reliable in detecting the presence of autocor- 
relation. 
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This indicates that government revenue is directly related to the 
domestic product in general and was therefore estimated as: 
1. GRt - -620 + 0.540 Yt R2 - 98.5 
(-6.79) (36.14) s. e. - 265.9 
DW - 0.80 
Since government revenues come mainly from direct tax which is 
affected by national income and indirect tax related to the imports 
level. Another specification for government revenue was estimated 
according to its major components as: 
2. GRt - -229 + 0.278 Yt + 0.580 Mt R2 . 99.1 
(-1.77) (3.80) (3.63) s. e. s 207.5 
DW - 0.68 
Both specifications have very good summary statistics in terms of the 
high explanatory power of the regressors, and a significant level for 
the explanatory variable at less than 5%. Equation 2 was selected 
as: 
GRt - -229- + 0.278 Yt + 0.580 Mt 
The Investment Function: 
Investment is one of the major elements that affect the macroeconomy 
owing to the dual role it plays as a part of final demand which 
affects the degree of utilization of the productive resources, and at 
the same time as an element which adds to the productive capacity of 
the economy. 
Unfortunately, most of the theories that have been propounded to 
explain investment behaviour were mainly for private investment in 
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developed economies*. Hence applying them to the analysis of invest- 
ment behaviour in a developing country such as Egypt needs some 
modifications. 
The investment functions proposed reflect the basic structure of the 
income-expenditure macroeconomic model; in disaggregating the economy 
into an energy sector and the rest of the economy, i. e. non-energy 
sectors. 
The main idea underlining the energy planning model, as explained in 
5.1, is to specify the link between the energy sector, which is now 
and will be for some time in a boom period, and the rest of the 
economy. The objective is to set an energy planning framework which 
reflects the link between the two sectors, by using the energy 
sector's revenues in developing the non-energy sectors. The 
investment function is specified to reflect such inter-action. 
Investment is disaggregated into investment in the energy sector (IE) 
and investment in the rest of the economy, i. e. non-energy sectors 
(INE). Two equations are specified for total investment (I) and 
investment in non-energy sectors, while investment in the energy 
sector is determined through the identity: 
IEt - It - INEt 
Total Investment: 
The following investment functions were specified and estimated 
* For a detailed survey, see (65) and (66). 
- 224 - 
according to different theoretical underpinnings. These theories are 
not necessarily the most important ones; especially with an aggregate 
investment function which is subject to different influential factors 
operating on each of its components and could not be included in one 
single equation. Insufficient data is the reason why only the 
followng functions were incorporated. 
1. It - -174.54 + 0.10505 Yt + 0.9080 It-1 R2 a 98.2 
(-2.39) (2.52) (6.09) s. e. '- 141.0 
DW - 1.47 
2. It a -75.5 + 0.654 GRt R2 = 94.4 
(-0.94) (17.91) s. e. - 246.5 
DW - 0.76 
3. It - 68 + 0.127 Yt + 0.172 (Yt. D1974) 12 - 97.7 
(0.59) (2.84) (5.14) s. e. - 157.9 
DW - 2.46 
4. It - 76 + 0.353 Yt -112 rt R2 - 95.5 
(0.20) (7.45) (-1.09) s. e. - 248.5 
DW - 1.05 
The 'accelerator theory' and 'the investment adjustment' hypothesis 
underly equation 1; where investment is expected to vary according to 
the level of gross domestic product and previous investment levels. 
The 'liquidity theory of investment' is employed in equation 2. In- 
vestment is assumed to be a function of the availability of invest- 
ment funds; represented in the equation by government revenues. The 
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regressor appeared very significant explaining 94.4% of the variation 
in investment. 
As reported in Chapter 3 availability of investment funds and oppor- 
tunities was expanded significantly during the years, 1974-1984, 
owing to the changes in economic policy and the emergance of a strong 
oil sector. To account for the effect of these structural changes on 
investment behaviour, the product of a dummy variable (with a value 
of zero before 1974 and one after) and GDP was introduced in equation 
3 assuming that the major changes which occurred during the 1970s 
affected the slope and the intercept of the investment equation. The 
results proved the validity of this hypothesis. The marginal 
response of investment to changes in one unit of GDP increased from 
0.127 before 1974 to 0.299 in 1974 and thereafter. The reason for 
this upward structural shift is the fact that the increase in oil 
prices resulted in a sudden push of oil revenues in the government 
budget, which was directed to investment in all sectors of the 
economy. The specification resulted in highly significant summary 
statistics with all the regressors significant and explain 97.7% of 
the variation in investment together with an indication of no 
autocorrelation as measured by the DW result. 
The 'neoclassical theory of investment' underlines equation 4 where 
the level of investment is not only a -. function of output but also a 
function of capital services, -which depend on the price of, invest- 
ment goods, the cost. of capital and the tax structure (67). The 
interest rate (r) is used to reflect the cost of capital services or 
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the price of investment goods. The regressor used was significant, 
only at 20% level, which was not quite satisfactory. 
Equation 1 was selected to reflect the total investment behaviour as: 
It a -174.56 + 0.10505 Yt + 0.9080 It-1 
Investment in the Non-Energy Sectors: 
Investment in the non-energy sectors acts as the link between the 
energy sector and the rest of the economy by way of raising oil 
revenues to develop these non-energy sectors. This is done in order 
to drive economic growth and development in case of a sudden drop in 
current oil revenues either due to changes in export prices or 
available production capacity. Investment in non-energy sectors is 
calculated as the sum of investment in the following major sectors: 
agriculture, industry, construction, transportation and communica- 
tions. 
Oil export revenues (OX) are used as an explanatory variable in 
specifying investment in the non-energy sectors. Exports of crude 
oil and petroleum products (excluding foreign oil companies) 
accounted for more than half of Egypt's export receipts in 1980. 
Profit transfers and other taxes from the oil sector account for 
nearly 30% of government revenues, which provide the main source of 
liquidity for investment. This became more significant during the 
late 1970s with the increase in oil prices and the regaining of the 
Sinai fields which enhanced oil production operations and increased 
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the value added in the petroleum sector. The advantage of this was 
that the share of taxable profits in total value added is very high 
with no collection problems. 
Two equations were specified to estimate (INE) as follows: 
1. INEt - 405 + 1.86 OXt R2 a 88.0 
(4.67) (12.12) s. e. - 363.2 
DW - 0.74 
2. INEt 251 + 1.47 OXt + 731 D1974 R2 a 96.0 
(4.29) (12.90) (5.85) s. e. =-'219.1 
DW - 1.75 
Equation 2 gives better results in terms of a high 
12 
of 96% and 
highly significant explanatory variables with a 1% level and a better 
value of DW. This is due to the inclusion of the dummy variable 
which appeared highly significant. Therefore, equation 2 was incor- 
porated as follows: 
INEt - 251 + 1.47 OX + 731 D1974 
Exports of Goods and Services: 
The contribution of the energy sector to the rest of the economy 
is quite significant in its contribution. to exports of goods and 
services. In 1979, oil exports accounted for about 60% of Egypt's 
merchandise export earnings and 40% of total exports of goods and 
non-factor services (49). 
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Exports are disaggregated to oil and non-oil exports such that: 
Tt - OXt + NOXt 
Oil Export: 
The magnitude of oil exports is determined mainly by two factors, (i) 
Egypt's exportable surplus, which is determined by its share of 
overall production (80-85% of the total production according to the 
conditions pertaining to individual agreements and the level of 
domestic consumption); and (ii) the export price of the crude. 
In the light of these considerations different functions were 
specified to estimate the oil export level. The following gave the 
best results: 
1. OXt - 290 + 15.2 PXt + 2.50 0Pt -40.6 Et j2 - 96.9 
(2.48) (14.64) (0.42) (-2.72) s. e. - 92.4 
DW - 1.98 
2. OXt - 272 + 15.2 PXt -36.5 Et R2 . 97.1 
(2.55) (15.27) (-3.27) s. e. - 90.3 
DW m 1.99 
3. OXt - -4.5 + 13.6 PXt -7.79 OPt R2 - 95.9 
(-0.09) (13.55) (-1.49) s. e. s 107.6 
DW - 1.61 
Equation 1 reflects the export determinants in the oil industry in 
Egypt by using the main influencing factors as regressors in the 
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export function. This function is explained on the basis of two 
observations: 
1. Total oil production a 
[Egypt's 
share + the foreign partner's share] 
and; 
J 
2. Egypt's share in - Refined crude for + Exports of crudew 
crude production domestic consumption oil 
This specification gives good results, with a very high R2 and a high 
significant level for all the regressors except (OP) which appeared 
insignificant owing to the high correlation of 0.90 between (OP) and 
(Et). All the variables have the correct expected sign especially 
(PX) which was consistant with the a priori hypothesis that high 
export price is an incentive for more exports and thus generates more 
export earnings. (Et) had the right expected negative sign, consis- 
tent with the hypothesis that the more oil that is consumed 
domestically, the less the amount released for exports and therefore 
the lower the export earnings. 
In equations 2 and 3 an attempt was made to ease the correlation 
between (Et) and (OP) but the results were not improved. Equation 1 
was therefore selected as it incorporates most influencing factors, 
gives the best statistical results and provides the link between the 
macroeconomy model, the energy demand model and the energy supply 
model. Therefore, oil exports were included in the model as: 
OXt - 290 + 15.2 PXt + 2.50 OPt -40.6Et 
Non-Oil Exports: 
Non-oil exports were specified as a function of the income generated 
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by all non-oil sectors as: 
1. NOXt -151 + 0.202 YNOILt 
(-2.91) (21.98) 
12 
= 96.0 
s. e. - 143.8 
DW - 1.48 
The specification produces satisfactory results and therefore was 
included in the model as: 
NOXt = -151 + 0.202 YNOILt 
Imports of Goods and Services: 
There is a strong association between the movement of national income 
(measured by GDP) and the movement in the volume of imports. As 
national income increases, private consumption either for goods of 
foreign origin or domestically manufactured goods increases. This 
implies an increase in the import demand for raw materials and 
semi-processed goods. 
Imports are specified as a function of an income variable (Yt) and 
the lagged value of imports (Mt-1). The specification assumes that 
consumption habits built in the past by private consumers, or input 
arrangements in production processes by industrial consumers are 
likely to influence imports but not immediately as they are not 
subject to changes in the short run. 
The imports of goods and services was estimated as: 
Mt - -391 + 0.183 Yt + 0.869 Mt-1 R2 - 98.2 
(2.81) (1.96) (2.95) °s. e. - 247.7 
DW - 1.84 
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Conclusion: 
The macroeconomy model is structured within the Keynesian income- 
expenditure model employing more disaggregation in some of its 
elements, particularly exports and investment, to suit the purpose of 
this research. 
Econometrics was used to build the macroeconomy model, based on a 
sample period (1960-1980) containing a time series of macroeconomic 
data. Functional explanations for the various economic relationships 
were estimated by means of the ordinary least squares method, and 
together with the necessary economic identities formed the 
macroeconomy model. The validation of the results over the sample 
period achieved an overall outcome of less than 5% deviation or 
error. However, although the R2 and the standard error of the 
estimates (s. e. ) were quite significant indicating that most of the 
equations provided a good fit to the data, some of the Durbin-Watson 
statistics (D. W. ) were too low. This implies positive autocor- 
relation and creates an upward bias 'in the R2's estimates and 
t-statistics and a downward bias in the estimates of the standard 
errors (this applied to the cases where D. W. test is valid). In 
fact, the macro economy model does not stand on its own, it is a 
block in the integrated energy planning model. Therefore, its actual 
accuracy will be judged according to its performance with the other 
blocks of models, energy demand and energy supply. The evaluation of 
the integrated model will be carried out applying a dynamic 
simulation technique to test the goodness of fit of the overall 
energy planning model within or beyond the sample period. 
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The macroeconomic model, although simple, compromising between the 
objective for which it has been constructed and the data limitations, 
provides the economic framework for the energy planning model and 
captures the inter-action between the macroeconomy and the energy 
sector. Investment in the non-energy sector (INE) proved to be 
highly dependent on oil exports, as the main liquidity source in the 
economy, with a coefficient ranging between 1.5 and 1.9 and very 
highly significant. The contribution of the energy sector to the 
economy, as measured by the value of oil export (OX) proved to be 
influenced by the overall activity level represented implicitly in 
the level of energy consumption (E). The next step is to analyse the 
energy sector in detail with its supply and demand aspects as an 
initial step to integrate the three blocks in the overall energy 
planning model, discussed in the following chapter. 
The Macroeconomy Model: 
Yt = Ct + Gt + It + Xt - Mt (1) 
Ct = -400 + 0.178 YDt + 1.00 Ct-1 (2) 
Gt = 65.6 + 0.105 GRt + 0.833 Gt-1 (3) 
GRt - -229 + 0.278 Yt + 0.580 Mt (4) 
It = 174.56 + 0.10505 Yt + 0.9080 It-1 (5) 
INEt - 251 + 1.47 0Xt + 731 D1974 (6) 
IEt It - INEt (7) 
Xt = 0Xt + NOXt (8) 
OXt = 290 + 15.2 PXt + 2.50 OPt - 40.6 Et (9) 
NOXt = -151 + 0.202 YNOIL (10) 
YNOIL = Y- OXt (11) 
Mt = -391 + 0.183 Yt + 0.869 Mt-1 (12) 
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List 'of Variables: 
Y Gross domestic product Million L. E. 
C: Private consumption 
G: Government consumption 
I: Total investment 
X: Exports of goods and services 
M. Imports of goods and services 
yd National disposable income 
GR : Government revenues 
INE : Investment in non-energy sectors 
IE . Investment in energy sectors 
OX : Oil exports 
NOX : Non-oil exports 
PX : Export price of crude oil L. E. million/tonne 
OP : Oil production M. M. tonne 
E Energy consumption M. M. tonne 
YNOIL : Income generated from non-oil sectors Million L. E. 
Pc : Consumer price index 
r: Interest rate 
D1974 : Dummy variable - zero before 1974 and 1 from 1974 onwards 
CHAPTER 6 
THE ENERGY PLANNING MODEL: THE ENERGY SECTOR MODEL 
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6 THE ENERGY PLANNING MODEL: THE ENERGY SECTOR MODEL 
In this chapter, the energy sector model, incorporating the two other 
blocks of the energy planning model, energy demand and energy supply, 
is presented. 
6.1 The Energy Demand Model: 
Energy planning is impossible without a reasonable knowledge of past 
and present energy consumption and the likely future demand. The 
assessment of energy demand is an integral part of the national 
energy plan for any country. Like all aspects of energy planning, 
energy demand assessment is not an end in itself; it has to be a part 
of the overall economic and social development strategy, and linked 
to the energy supply availabilities either in the form of the actual 
endigenous resources a country has, or its financial ability to 
import the required energy. 
There are at least three major purposes for energy demand modelling 
(68). The first is forecasting the demand for specific fuel(s) over 
time; where models tend towards econometric formulation of one sort 
or another. The second is the analysis of proposed alternative 
energy policies. The third is technology assessment or market 
penetration analysis. This section of the study applies the first 
and second analyses to the maximum extent possible. However, 
although it would be desirable to conduct the three analyses within a 
unified framework, this requires a wide data base, most of which does 
not exist in developing countries. 
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As a matter of fact, the main aspect of the energy problem is the 
matching of energy supply and demand with the necessary assessment of 
all impacts. Assessing a country's supply availabilities is an 
easier task, as it is related to some technical and geological 
factors which can be fairly estimated. The most important aspect of 
energy planning is the assessment of energy demand which is always 
considered the 'nightmare' of energy planners especially in a 
developing country such as Egypt: first of all because of the data 
limitations which prevent using appropriate techniques and method- 
ologies in forecasting energy demand; and secondly, because of the 
peculiarities characterising the energy situation in Egypt caused by 
many economic, social and demographic factors. 
Energy consumption in Egypt is increasing at a very high rate. 
Domestic consumption of petroleum products and natural gas in 1982 
reached 16.5 million metric tonnes compared to 14.9 million metric 
tonnes in 1981, with an increase of 10.6% between the two years. 
This continuously increasing consumption level is threatening the 
energy sufficiency of the economy by becoming a net importer of 
energy in the 1990's. This means depriving the economy of an 
essential source of foreign currency generated through exporting the 
surplus crude, besides having to allocate a great portion of the 
limited finance to import the required energy, a situation which 
Egypt cannot afford. 
The importance of this alarming phenomenon is that a significant 
reduction in consumption levels is not expected, or, should it be at 
least in the near future. The reason is that the benefits of 
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increasing energy efficiency are not obvious to householders or 
industrialists. , The general level of energy use is already lower 
than in any industrialised country. The turnover of machinery, 
equipment and appliances in the industrial sector is generally slow. 
Furthermore, the lower per capita income for most energy users 
prevents the acquisition of new equipment or appliances which are 
more efficient. Another influencing factor is the subsidised cheap 
energy which helps encourage waste by making the users unaware of the 
actual value of what they are consuming. It has been mentioned in 
the preceding chapters that quite an effort has begun in Egypt, 
particularly within the energy sector's representatives, to correct 
some of the deficiencies characterising the energy market in Egypt, 
by directing efforts to energy efficiency and rationalization 
programmes together with serious steps in restructuring the energy 
price system without disturbing the economic and social stability. 
These efforts are all of a medium, if not long term, nature. In an 
attempt to set a short term energy plan, the actual, current 
situation'of energy in Egypt provides the framework for the suggested 
model, in order to be as close as possible to the real situation, 
while testing the effect of any restructuring of energy policies, 
either production or price policies, is attempted through the 
aggregated simulation model (as explained in the framework). 
Therefore, the main objective of this part of the study is to assess 
energy demand patterns in Egypt, so that future possible demand could 
be forecast as part of the energy planning model. 
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The history of energy demand forecasting is one in which we can 
distinguish three phases (69): (i) the use of judgemental or highly 
simplified aggregative relationships; (ii) the application of 
sophisticated modelling techniques, usually with separate sectoral 
demand models; and (iii) the use of partially sophisticated tech- 
niques together with more elaborate models. 
The methodology used in modelling energy demand in Egypt is one that 
could be placed between the first and second phase. A judgemental 
and highly simplistic approach would not be appropriate for modelling 
energy demand in Egypt where a. strong inter-action exists between the 
energy sector and the rest of the economy. At the same time, with 
the data problem, the application of sophisticated modelling 
techniques was not possible. The proposed approach assesses total 
demand for commercial energy using an aggregated and a disaggregated 
base, evaluating each to select the one that gives the best 
performance. In other words, both the "bottom up" approach and the 
"top down" approaches are used. 
Most energy studies recommend the use of disaggregated analysis in 
assessing energy demand where the assessment starts at the bottom of 
the demand system, for example activities, and sum to consumption in 
different sectors, then adding the different sectors to assess total 
energy consumption*. This disaggregation allows the structure of 
* The level of aggregation required varies, in some cases it starts 
by end use demand summing up to aggregate demand. 
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energy demand to be considered and hence gives more accurate results 
that reflect the actual structure deriving the demand pattern. 
Since the sectoral data available are fairly short to allow disaggre- 
gated econometric analysis, the aggregated "top down" base is 
employed to check and select the better results. As a matter of 
fact, this aggregated approach is the commonly used one in developing 
countries. The idea is that although more disaggregation for demand 
forecasts reflects the demand structure more precisely and avoids the 
aggregation error, detailed models'differences and their implications 
might be difficult to perceive and communicate. Aggregate 
elasticities, on the other hand, provide simple summary parameters 
which can be easily understood and used. Figure (6.1) summarises the 
different aggregated and disaggregated models attempted in analysing 
energy demand patterns in Egypt*. 
As for the methodology used in estimating the demand models, it is 
commonly known that various methodologies can be used in forecasting 
energy demand (73): trend analysis, econometric multiple-correlation 
method, macroeconomic input-output models and surveys. 
Owing to data limitations explained before, the trend analysis and 
econometric multiple-correlation forecasts are used. The former is 
* Most energy demand assessment studies for developed and indus- 
trialized countries followed this approach too, in spite of the 
availability of a fairly good data base. For details see (70), 
(71) and (72). 
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Figure (6.1) 
The Structure of Energy Demand Models 
Disaggregation: by type of fuel: 
E- PP + ELC 
n 
E 
tE1dpi 
+ ELC 
a 
dpi -f (x) 
Disaggreation: by economic 
sectors and kind of fuel 
mm 
E 
JZ 
PPsj + 
JE, 
ELsj 
dsi=f (x) 
ELsi f (x) 
where: E: Commercial energy consumption 
PP : Petroleum products consumption 
ELC : Electricity consumption 
dpi : Consumption of product i 
dsj : Consumption of sector j from petroleum products 
ELsj : Consumption of sector j from electricity 
X: A set of explanatory variables used in each model 
Aggregate demand: 
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used in cases where data limitations prevent applying econometric 
analysis or in the cases of some minor petroleum products' demand 
assessment. The latter is used in estimating aggregated and dis- 
aggregated energy demand models. 
6.1.1 Aggregated Energy Demand Model: 
Several equations have been specified and estimated for aggregated 
energy demand using different theoretical bases: the estimation of 
these models was carried out using different samples of observations: 
(1957-1980), (1960-1975), (1960-1980) in order to capture the effect 
of different structural changes. However the 1960-1980 sample pro- 
vided the best results as well as the consistancy with the sample 
size of the macroeconomy model. 
The equations which give the best statistical fit are presented 
classified into groups according to the different theoretical 
underpining employed. 
Group A 
1. Et - 13.4 + 0.000753 Yt -0.0589 Pt 
j2 = 93 
(4.69) (8.73) (-2.26) s. e. = 1.022 
DW - 1.16 
2. Et - 11.2 + 0.000617 Yt -0.0361 Pt + 2.00D74 
R2 = 95 
(4.4) (7.15) (-1.60) (2.90) s. e. - 0.8606 
DW - 1.73 
3. Et - 5.26 + 0.000410 Yt -0.0198 Pt + 0.562 Et-1 
R2 @ 93 
(0.99) (2.05) (-0.60) (1.87) s. e. - 0.9811 
DW a 2.10 
4. Et - (P. 'IP) - 39.9 + 0.000156 Yt 
R2 - 81 
(48.5) (1.16) s. e. - 0.0278 
DW - 1.99 
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5. Et - 2.63 + 0.000622 Yt -0.0168 Pt + 0.219 Popt 
(0.40) (5.7) (-0.50) (1.8) 
6. Et = -0.39 + 0.000619 Yt + 0.260 Popt 
(-0.16) (5.8) (3.04) 
R2 = 94 
s. e. s 0.9628 
DW s 1.25 
R2= 94 
s. e. - 0.9425 
DW - 1.23 
In general terms, the models in this group follow the demand theory 
which states that demand for a particular commodity is generally 
affected by its price and the income level of its consumer. Since 
the explained variable in the models is total demand for commercial 
energy, the aggregate income of the economy, measured by GDP* and an 
energy price index are used as the main explanatory variables. 
The theoretical underpinning for applying demand theory in specifying 
the energy demand models is as follows: considering energy as a 
factor of production of goods and services, the economic activity of 
the economy can be summarised by'a production function, describes a 
given technology and uses labour (L), capital (K) and energy (E) as 
inputs. Hence, the level of economic activity (Y) could be specified 
as: 
* Although GNP measures the actual economic activity of the 
country, GDP was used because it accounts for all economic 
operations within the territory of Egypt whether performed by 
national or foreign entities. Hence it is a more suitable 
measure for aggregate economic activity. 
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YF (L, K, E) (i) 
where the economic activity is determined by the technology used in 
production processes (F), labour, capital and energy, which are 
inter-dependent. The technology variable affects the other input 
variables rendering the production in the economy labour, capital or 
energy intensive. The relationship between (F) and the other input 
variables is relatively stable over long periods of time, as it is a 
slow changing variable. As for the input variables the relationship 
between any two of them could be of two forms: complementarity or 
substitution. 
Since energy is viewed as a factor of production, the demand for it 
is, in fact, a derived demand, i. e. demand for a factor of production 
which is generally speaking a function of its price and the level of 
output, price of output measuring the general level of prices (such 
as GDP deflator, consumer price index or wholesale price index) and 
the prices of other factors of production. Therefore, the demand for 
energy is: 
E-f (Y, L, K, PY, PL, PK, PE) (ii) 
where the level of energy demand depends on the level of economic 
activity (Y), labour and capital, their prices (PY, PL, PK, respec- 
tively), and the price of energy (PE). 
Assuming that the use or employment of the resources and factors of 
production K, L on an aggregate level is determined-mainly by the 
level of economic activity (Y), the energy demand formula (ii) could 
be simplified by dropping K, L, their prices and the price of output 
as: 
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Ef ( Y, P) 
where energy demand on the national level is assumed to be a function 
of economic activity (Y) and an index price of energy (P). The a 
priori expectation, as the demand theory states, is that E and Y vary 
directly, while E and p vary inversely. 
Two points are worth mentioning regarding this specification: 
i For short term assessment of energy demand, this simple specific- 
ation is valid where the rate of economic activity may be demand, 
rather than supply, constrained. 
ii The price variable is considered exogenous assuming the non-exis- 
tance of a two-way causation between energy price and the level 
of energy demand. As explained before, prices of energy in Egypt 
are administered by the government through the subsidy system 
which determines the energy price. 
Equations 1 and 2 employed the income and price variables as the 
determinants of energy demand levels, with a dummy variable added in 
equation 2 to account for structural changes in energy demand 
patterns during the sample period. The results indicate a good 
statistical fit as measured by the -high 
"j2 
of 93-95% with all the 
variables significant and maintain the correct expected signs. 
Equation 3 introduces dynamism to the energy demand equation in order 
to reflect the time lag needed for consumption patterns to adjust to 
changes in income and energy prices. The dynamic specification gives 
satisfactory results too, except for the price variable which. appears 
insignificant, although with the expected negative sign. 
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An attempt to test the income elasticity of energy demand is employed 
in equation 4. Energy consumption is purified first from the energy 
price effect, then estimated as a function of income level only. The 
estimated coefficient appears low within the magnitude estimated in 
previous equations. 
In equations 5 and 6 the effect of population on energy demand 
levels is examined. Egypt is an overpopulated country. Its vast 
population growth stands as one of the main pressures on its 
development, either by enhancing expansion of production levels to 
cover the needs of the 45 million inhabitants, or by creating the 
need to expand inhabited areas and construct new cities, a situation 
which results in more energy consumption. As the results show, the 
inclusion of population as one of the regressors explaining energy 
demand patterns impairs the significance of the intercept and the 
energy price variable and introduces auto-correlation in both 
equations although the variable itself appears significant. 
The reason behind the unsatisfactory results caused by introducing 
the population variables might be the aggregated nature of the 
model. Using total energy consumption as the dependent variable 
implies the inclusion of both domestic and industrial sectors' 
consumption of energy. In the domestic sector, the number of 
families is more influencial than the size of the population. In the 
industrial sector, the population has very little relevance. 
Furthermore, limiting the study to commercial energy only means 
considering just one part of the domestic sector which uses 
commercial energy, while all rural users of non-commercial energy are 
excluded. 
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Group B: 
As previously referred to in Chapter 3, the Egyptian economy has 
experienced significant structural changes during the recent past 
which were undoubtedly of major influence on its energy demand 
patterns. 
In group A, the impact of such structural changes was reflected 
implicitly in the parameter of Y assuming that these structural 
changes follow the same trend in the future as in the past, an 
assumption which is hardly acceptable. To account for that, the 
'out-put mix' concept is employed in specifying the models in this 
group*. 
Accordingly, a set of structural variables is introduced to the 
demand equation measuring the share of the major sectors, such as 
agriculture, industry, transportation, etc., in the national income. 
Ideally, the more the disaggregation of the gross income (Y) to its 
components, the more these reflect the structural changes. Compro- 
mising with data availability, three structural variables were used 
to reflect the shares of agriculture, industry and transportation in 
GDP using different specifications as follows: 
1. Et - 9.45 + 0.00679 YAGRt -0.00519 YINDt+ 0.00049 YTRNt -0.0229 Pt 
(3.16) (3.30) (-1.14) (0.18) (-0.93) 
R2 = 95.3 
s. e. - 0.8088 
DW - 1.35 
* The specification is based on Hoffmar» s model for developing 
countries (13). 
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2. Et = 9.04 + 0.00835 YINDt -0.00257 YTRNt -0.0312 Pt 
R2 
= 93 
(2.4) (3.4) (-0.80) (1.01 s. e. 6 1.017 
DW = 1.27 
3. Et = 10.7 + 0.00651 YINDt -0.00426 Pt R2 = 93 
(3.49) (8.90) (-1.60) s. e. = 1.006 
DW - 1.23 
4. Et = 3.19 + 0.00561 YINDt + 0.164 Popt -0.0149 Pt 
R2 = 93 
(0.50) (5.46) (1.30) (-0.50) s. e. = 0.9918 
DW = 1.25 
In equation 1, the three major components of GDP and the energy price 
variables are used to explain the variation in energy demand. The 
high correlation of 0.98% between the sectors affects the sign and 
significance of their estimated coefficients. The industrial sector 
appeared with a wrong negative sign although it is an energy- 
intensive sector. The transportation sector, however, had the right 
positive sign indicating that more activity in this sector resulted 
in more energy consumption. Both variables are insignificant except 
the agricultural sector which appeared significant at less than 5% 
in spite of being a non-energy intensive sector, with mechanization 
going slowly owing to the small areas of land distributed among rural 
inhabitants. 
The agricultural sector was excluded in equation 2 in an attempt to 
ease its correlation effect and to capture only the effect of the 
major consuming sectors on energy demand. The results improved, 
although the transportation sector continued having a wrong negative 
sign. 
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Equations 3 and 4 employ the income generated from the industrial 
sector only (YIND) as the income variable on the assumption that its 
magnitude reflects, implicitly, the agricultural sector and affects 
the transportation sector's activity level. (YIND) and (P) appear 
significant, with the right a priori signs, and explain 93% of the 
variation in energy demand over the sample period. Population is 
introduced in equation 4 to reflect the role of the residential and 
commercial sector, but it impaired the significance and fit of the 
equation*. 
Group C: 
The idea of 'the energy ratio' underlines the models in this group, 
i. e. the energy consumption per unit of income, assuming that what 
really matters is not energy consumption, ep r se, but energy per unit 
of output-. The following equations were estimated**. 
1. (E/y)t - -0.881 + 0.973 Pt 
R2 - 80.5 
(-4.82) (9.81) s. e. - 0.1434 
DW = 0.90 
2. (E/y)t = 1.29 + 0.00124 Pt -0.0421 T R2 ` 95.0 
(4.19) (0.53) (-7.45) s. e. - 0.07695 
DW = 1.80 
3. (E/y)t 1.49 + 0.000224 YAGRt -0.00194 YINDt + 0.00164 YTRNt 
(29.9) (1.15) (-5.04) (6.48) 
R2 = 91.1 
s. e. - 0.09698 
DW - 1.81 
* The reasons are as explained in equations 5 and 6, group A. 
** Energy consumption and GDP were used as indexes where: E- E/E1965 
and Ys Y/Y1965 
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4. (E/y) _ -0.0762 + 0.520 (E/Y)t_l + 0.489 (E/Y)t_2 x2 90.7 
(-1.11) (2.58) (2.36) s. e. = 0.09391 
DW - 2.19 
In equation 1 the income elasticity is assumed to be unity, and the 
energy price index was used as the only regressor affecting the 
energy ratio. It appeared significant, but with a wrong positive 
sign contradicting the a priori assumption that higher energy prices 
enhance energy conservation and consequently reduce the energy 
ratio. A time variable reflecting technological changes was 
introduced in equation 2 and proved to be significant with the right 
negative sign indicating the effect of improved technology on energy 
used per unit of output. The impact of the structure of the 
aggregate income was tested in equation 4. High correlation between 
the GDP component affects the signs of the regressors although all 
other summary statistics were satisfactory. A dynamic specification 
was attempted in equation 4 using successive lagged values of the 
ratio and gave quite satisfactory results. 
Equation (2-group A) was selcted to represent the aggregate energy 
demand model as 
Et - 11.2 + 0.000617 Yt - 0.0361 Pt + 2.0 D1974 
6.1.2 Disaeereeate Demand Models: 
In the previous section, energy demand in Egypt was assessed follow- 
ing a highly aggregated approach which considers energy uses in the 
whole Egyptian economy as one unit. The observed changes in such 
aggregate energy consumption are in fact the aggregation of large 
numbers of individual demands by households and industrial 
activities. Therefore, an approach to estimate and forecast energy 
demand is to break down total consumption into rational sub-groups, 
- 249 - 
each analysed so as to separate out the effects of income, price and 
technology on each group separately using past consumption patterns. 
In other words, energy demand in each of these sub-aggregates would 
be related to its income or production level and energy prices. 
The disaggregation of the energy demand model is attempted on two 
broad levels: (i) on a sectoral level where energy demand is 
estimated as the sum of energy consumption in major economic sectors; 
(ii) on a type of fuel level, where energy demand is assessed as the 
sum of petroleum products and electricity consumption. Furthermore, 
petroleum products consumption is disaggregated to its different 
components as illustrated in Figure (6.1). 
(i) Sectoral Energy Demand: 
A 'bottom-up' approach for energy demand analysis and forecast is an 
appropriate modelling framework which reflects the structure of the 
economy and makes it possible to assess each component of such 
structure in the light of the major influencing factors. A sectoral 
energy demand model could be specified within A. Ezzati and 
F. Pinto's (56) framework as follows: 
The industrial sector: 
E1 : Al + Bxl - Clx2 
where: 
E1 - energy demand in the industrial sector 
X1 value added for the industrial sector 
X2 a price of value added = average price of energy in the 
industrial sector 
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The residential sector: 
E2 = Al + B1X3 + C1X4 + D1X5 
where: 
E2 ° energy demand in the residential sector 
X3 = gross domestic product per capita 
X4 = the share of agricultural output in GDP 
X5 = average price of energy in residential sector ; GDP price 
deflator 
The transportation sector: 
SV - Al + B2X3 - C1X6 
E3 = A2 + B2X3 + C2SV -D 2X6 
E4 = A3 + B3X3 + C3SV 
E5 - A4 + B4X3 + C4X7 
where: 
SV - stock of vehicles 
X6 - price of motor gasoline - GDP price deflator 
E3 = gasoline consumption per vehicle 
E4 = demand for diesel fuel 
E5 - demand for aviation fuel 
X7 - population 
Sector energy demand data in Egypt, particularly price data and 
disaggregated consumption, as in most developing countries, are 
insufficient and available only for a short period. Therefore it was 
not possible to carry out any sophisticated sectoral analysis, even 
within the relatively simple framework presented by Ezzati and Pinto 
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for developing countries' demand analysis. However, it was necessary 
to analyse the sectoral demand for energy using the available data 
(1975-1980), just to reach a primary conclusion regarding the 
relationship between energy consumption in each sector and the main 
economic indicators used as regressors*. Sectoral energy demand is 
estimated as**: 
65 
Et 
JEj PPsj + jz ELsj 
where: 
PPsj -f (X) 
ELsj -f (x) 
Sectoral Demand for Petroleum Products: 
The following equations were specified and estimated for the major 
economic sectors using the short time series available for their 
consumption of each petroleum product after converting them to 
million metric tonnes: 
Industrial sector: 
In PPsl - 21.6 + 0.212 YINDt -2.23 Pt R2 = 91.3 
(6.83) (1.87) (-3.87) s. e. - 0.0582 
DW - 3.13 
* The general framework of the demand theory is used due to the lack 
of data. The level of economic activity of each sector is 
measured by the sector's participation in GDP. Price and 
population are also used as regressors. 
** All the variables are as defined in Figure (6.1). 
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Agricultural sector: 
PPs a -0.0234 YAGRt + 5.59 POPt 
(-3.02) (11.78) s. e. = 10.48 
DW - 2.56 
Residential/commercial sector: 
PPS "= 154 + 0.0327 YD t -5.89 Pt R2 = 9.84 
(8.25) (10.12) (-2.95) s. e. 16.60 
DW = 2.54 
Transportation sector: 
In PPS - 1311 + 1.94 YTRNt 
(4.4) (4.1) 
Electricity and public utility sector: 
PPS i 325 + 0.146 Yt 
(2.65) (12.48) 
R2 = 75.9 
s. e. _ -225.00 
DW - 2.08 
R2 s 96.9 
s. e. - 108.00 
DW - 2.31 
Although most of the results look significant as measured by a high 
t-ratio for the regressors and a good explanatory power, they are not 
reliable for any forecasting. For analytical purposes, the results 
point to the income of each sector as being the major influencing 
factor on its demand for petroleum products; except for agriculture 
where the income level appears negative. The agricultural sector 
accounts for nearly 30% of Egypt's gross national product and is one 
of the major financial contributors to foreign exchange. However it 
is not a major-energy consuming sector. Animal and manpower still 
play an important role,,, and non-commercial energy consumption 
accounts for nearly one-third of its consumption. 
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An attempt was made to eliminate the deficiency of using short time- 
series data in assessing sectoral consumption of petroleum products. 
Although the short period 1975-1980 reflects to some extent a stable 
economic structure which prevailed in the economy after 1973 events 
and the changing economic policy, it reduces the number of degrees of 
freedom allowed for estimation. Therefore, pooling the six 
observations over the five economic sectors and treating them as if 
they belonged to the same population enlarged the sample size to 30 
data points. 
The pooled model for time-series of cross-section data is specified 
in its general form as: 
Eit =a+ BYit + IIit 
where: 
Eit - the six sample observations on energy consumption for the 
five sectors 
Yit - value added for the sample observations over the five 
sectors 
Uit a an error term measuring the error attributed to cross- 
section units, to time series and the error which is a 
combination of both and hence varies in both directions 
i number of cross-section units 
t- number of time-series observations 
Different pooled models have been applied in practice (75). The 
traditional one is the "covariance model" which is applied in this 
section. The main interest in the covariance model is the error term 
components, particularly the part attributed to time-series and cross 
section, which is accounted for by a set of dummy variables leaving 
the pooled model with a normal error term. 
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Assuming homogeneity among the five economic sectors implies 
accepting a common elasticity of the income variable used as 
regressor. As the cross-section unit is still heterogeneous from 
many other aspects, this heterogeneity is tested through the use of 
dummy variables. 
The pooled sectoral energy demand model could be expressed in a 
matrix notation as: 
E= ßy +U 
Employing the covariance technique, the model could be specified as: 
E= ßY+AD+U 
where: 
E= (30 x, 1) vector consisting of six observations on petroleum 
products consumption - for the five sectors 
ß= coefficient of income variable used 
Y- (1 x 30) vector of the income variable 
A- (5 - 1) column vector for the dummy variables' parameters 
D- matrix of dummy variables accounting for different intercepts 
from one sector to the other 
The sectoral demands for petroleum products were then estimated as 
follows: 
1. In Peste 2.80 + 1.21 In Yt R2 - 60.0 
(2.35) (6.47) s. e. s 1.541 
DW - 0.26 
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2.1n PPst = -1.11 + 1.61 In Yt + 0.726D2 + 2.47D3 + 4.06D4 + 0.0579D5 
(-2.94)(29.98) (5.72) (11.71) (31.32) (1.29) 
R2 a 98.9 
s. e. = 0.2539 
DW = 1.01 
Although the income coefficient appears statistically significant 
with the right positive sign indicating higher demand for petroleum 
products with higher activity level in the sectors, the other summary 
statistics are very insignificant as judged by R2 and DW. This was 
expected with the error term treated as a normal error variable 
neglecting its different components. 
Introducing the cross-section effect via a set of four dummy 
variables improved the results as summarised in equation 2*. 
As the covariance model assumes common elasticities but different 
intercepts for each sector, the following relationships hold: 
Industrial sector : In PPsl - (1.11 + 4.06) + 1.61 Yt 
Agricultural sector : In PPs2 ' (-1. l1 + 0.726) + 1.61 Yt 
Residential sector : In PPs3 - (-1.11 + 0.059) + 1.61 Yt 
Transportation sector : In PPs4 = -1.11 + 1.61 In Yt 
Electricity sector : In PPs5 - (-1.11 + 2.47) + 1.61 Yt 
*1. The inclusion of a constant term necessitates the exclusion of 
one dummy variable. 
2. D2. ..... , D5 are individual sectoral dummies standing as one 
intercept for each sector. 
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An F-test was conducted to assess the significance of the covariance 
model as follows: 
Analysis of Covariance 
Source D. F. Sum of Square Mean Square F* 
Residual. Models 
with no cross-section 28 66.508 2.375 
dummies 
Residual. Models 
with cross-section 24 1.547 0.064 
dummies 
Incremental 4 64.961 2.311 36.109 
The F-test establishes whether the introduction of individual 
sectoral shift dummies are statistically significant. The hypotheses 
tested are: 
Ho: D2=D3-D4-D5-0 
Hl : D2-D3-D4-D5f O 
With (4,24) degrees of freedom, and at 1% level, the critical value 
of F is 2.78. Hence, F* )F employing that the cross-section effect 
is highly significant. In other words, the alternative hypothesis 
(H1) is confirmed. 
Sectoral Demand for Electricity: 
Demand for electricity in Egypt is determined by the economic and 
social development plans of industrialization and higher standards of 
living.. Accordingly, the industrial sector is the major consumer of 
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60% of generated electricity followed by the residential/commercial 
sector (27%), public utilities (8%) and agriculture (5%). 
To assess the sectoral demand for electricity, simple equations 
employ the income level of each sector (or the aggregate income level 
of the economy) and the average prices of electricity are specified 
as follows: 
Industrial sector: 
ELs1 - -838 + 4.34 YINDt + 256 Pet R2 a 93.2 
(-0.43) (10.99) (0.99) s. e. - 611.00 
DW - 1.04 
Agricultural sector: 
ELs2 ' -1605 -0.147 YAGRt + 67.1 POPt R2 - 83.1 
(-2.66) (-2.33) (3.55) s. e. - 32.00 
DW - 1.40 
Residential/commercial sector: 
ELs3 -250 + 0.0871 YDt + 72.1 Pet 
12 = 98.1 
(-1.28) (20.9) (2.76) s. e. = 61.9 
DW - 2.28 
ELs3 -4541 + 163 POPt -76.4 Pet 
R2 = 98.4 
(-18.4) (22.7) (-2.9) s. e. - 56.9 
DW - 1.78 
Electricity and public utility sector: 
ELs5 - -1284 + 0.187 YDt + 222 Pet 
R2 . 92.00 
(-1.43) (9.8) (1.85) s. e. - 283.00 
DW - 2.22 
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Although the simple income and price variables used as regressors are 
significant and explain a high percentage of the variations in the 
sector's consumption of electricity, their sign and magnitude are not 
satisfactory reflecting the unsatisfactorily small sample size and 
the nearly constant price of electricity. 
(ii) Demand Models for Petroleum Products and Electricity: 
Petroleum products, electricity and their uses are the centre of the 
so-called energy crisis today. Most of the transportation systems, 
equipment and much of the industrial, commercial and domestic energy 
uses are strongly dependent on petroleum products and electricity. 
What makes this phenomena more serious is that no substitutes are 
available at a reasonable cost for most of these uses. This 
situation exists, if not severely, in Egypt. Consumption of 
electricity and petroleum products is growing very rapidly with the 
limited financial capability of the country constraining the efforts 
and policy measures in developing substitutes. The industrial use in 
the economic sectors suffers from old equipment and very limited 
finance allocated to renew and restructure the energy using devices. 
Domestic use is handicapped by the low income level which makes the 
changing of applicances for more energy efficient ones too costly. 
This situation renders most activities in the meantime and near 
future to be utterly dependent on electricity and petroleum products, 
regardless of their prices, especially with the prevailing subsidised 
energy prices in Egypt. 
The demand for petroleum products and electricity is demand derived 
from primary activities or human needs. The explanatory variables 
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that have to be used in assessing their likely future pattern have to 
reflect the demand for the primary outputs such as transportation of 
food or people, provision of heat for processing or cooking, and so 
on. This type of data is not available in Egypt, and therefore 
prevents following a 'derived demand' approach. Alternatively, 
'direct demand' functions are specified. Energy demand is estimated 
as: 
E PP + ELC 
where: 
PP : demand for petroleum products (M. M. T. ) 
ELC : demand for electricity converted to (M. M. T. ) 
Demand for Petroleum Products: 
Petroleum products were first estimated on an aggregate level 
measuring the consumption of the Egyptian economy of all petroleum 
products in million metric tonnes. The following three specific- 
ations gave the best results: 
1957-1980 
PPt - 7.28 + 0.000471 Yt -0.0289 Pt 
j2 
- 92.9 
(5.72) (9.95) (-2.65) s. e. - 0.6127 
DW - 1.25 
1960-1980 
PPt - 3.45 + 0.000517 Yt -0.0058 Pt + 0.0428 Pope 
R2 - 88.00 
(0.77) (4.79) (-0.25) (0.49) s. e. - 0.6602 
DW - 1.35 
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1960-1980 
PPt - 5.07 + 0.000426 Yt -0.0075 Pt + 1.10 D1974 R2 s 90.2 
(2.66) (4.53) (-0.44) (2.12) s. e. s 0.5879 
DW - 1.74 
As the results show, the price variable appears insignificant, except 
in the 1957-1980 sample, although maintains the right expected 
negative sign. The percentage of the variation in (PP) explained by 
the regressors is high and satisfactory, ranging between 88-92.9%. 
The inclusion of a dummy variable to capture the effect of the 
structural changes occurred during the sample period, improved the 
specification as measured by a higher D W. 
Applying a further disaggregated approach, demand for petroleum 
products was estimated as the sum of demand for each petroleum 
product separately using an income variable, (GDP), or income gener- 
ated by the major sector consuming the product and the price of the 
particular product. The demand for each petroleum product is 
estimated within the general specification presented by A. Pindyck 
(11) for developing countries as*: 
ingit. -ai+ ßli In Yt +ß2i In Pit + yj In Qi(t-1) + Uit 
where: 
qit consumption of petroleum product i 
Yt- gross domestic product 
Pi- price of petroleum product i 
* Population and the value added by the major consuming sectors in 
GDP are used within Pindyck's model to test alternative 
specifications. 
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Six major petroleum products are included; gasoline, liquified 
petroleum gas, kerosene, fuel oil, gas oil and diesel oil. 
Accordingly, energy demand was estimated following the 'bottom-up' 
criterion as: 
6 
E 
iE 1 
dpi + ELC 
and 
dpi -F (xit) 
where: 
dpi : consumption of petroleum product i 
xi :a set of explanatory variables. 
Among different models tested, the following are the selected demand 
functions for the major petroleum products which gave the most 
reasonable results: 
Gasoline: 
1. dpplt - 0.405 + 0.000144 Yt -0.0027 it 
R2 - 73.1 
(0.62) (2.04) (-0.30) s. e. - 0.3024 
DW - 0.60 
2. dpplt - 0.188 + 0.000022 Yt -0.00199 it + 0.951 dppl(t-1) 
(0.46) (0.44) (-0.29) (5.55) 
R2 = 90.00 
s. e. = 0.1857 
DW - 0.88 
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3. dpplt - -1.78 + 0.000073 Yt + 0.0831 popt -0.00570 Pit 
(-2.52) (1.36) (4.15) (-0.70) 
4. dpplt - -1.06 + 0.0412 popt + 0.689 dppl(t-1) 
(-2.0) (2.15) (4.17) 
R2 - 86.00 
s. e. - 0.219 
DW - 0.80 
12 
= 93.0 
s. e. = 0.1609 
DW = 2.47 
5. (dppl/pop)t - 0.0092 + 0.000133 (Y/pop)t -0.000033 Pit 
R2 - 63.7 
(0.63) (1.65) (-0.12) s. e. = 0.0080 
DW = 0.60 
As the results of equations 1,2,3 and 4 show, the price of gasoline 
assumed the right negative sign although it was not significant in any of 
the specifications reflecting its artificial value due to the subsidy 
system. Population proved to be very significant in influencing the 
demand for gasoline either by the private sector or the public sector to 
provide services needed for the increasing population. 
In equation 5, the demand for gasoline per capita was estimated to 
reflect the population size effect, but the result was quite 
unsatisfactory. 
Liquified Petroleum Gas (LPG) 
1. dpp2t s -0.0592 + 0.000012 Yt + 0.000826 P2t+ 0.430 dpp2(t_1) 
(-0.74) (1.93) (0.91) (1.39) RZ = 88.00 
s. e. - 0.0354 
DW - 1.20 
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2. dpp2t s -0.313 + 0.000010 Yt -0.00246 P2t + 0.0193 popt R2 - 92.00 
(-3.8) (2.5) (-1.7) (3.12) s. e. - 0.0291 
DW = 1.49 
3. dpp2t a -0. 221 + 0.000010 Yt + 0.00826 popt + 0.233 dpp2(t-1) 
(-2. 06) (1.82) (2.19) (0.82) 12 - 90.3 
s. e. - 0.0318 
DW = 1.85 
4. (dpp2/pop)t = 0.000398 + 0.000024 (Y/pop)t 12 = 81.0 
(0.97) (9.28) s. e. - 0.00104 
DW = 1.19 
Liquified petroleum gas is mainly consumed in the residential commercial 
sector. Population and disposable income appeared in the estimated 
equation as significant explanatory variable, while the price of (LPG) 
was always insignificant, as expected, due to the subsidy system. 
Kerosene: 
1. dpp3t s -0.324 + 0.000028 Yt + 0.0541 popt -0.0228 Pat R2 - 97.00 
(-2.4) (5.6) (8.6) (-6.69) s. e. - 0.0439 
DW a 1.48 
2. dpp3t= -0.348 + 0.000012 Yt + 0.0370 popt -0.0163 P3t+ 0.511 dpp3(t-1) 
(-3.40) (2.26) (5.95) (-5.73) (4.40) 
R2 = 98.3 
s. e. - 0.0306 
DW - 2.04 
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Kerosene consumption experienced a trend of accelerating growth 
in spite of the government plans to raise the standard of living. 
Income normally has a negative effect on consumption of kerosene 
because as levels of income increased, consumers move to (LPG) and 
electricity more in their consumption pattern. As the results show, 
the income variable assumes a positive sign which contradicts the a 
priori expectation although it was always significant. This may be 
explained by the sector's tendency to encourage consumption of kero- 
sene in order to cut down on (LPG) imports which account for a 
significant percentage of the energy subsidy. However, the income 
coefficient appeared quite small. Population plays a significant 
role in kerosene consumption especially within low income classes and 
rural consumers. It appears significant and with the right positive 
sign. 
Fuel Oil: 
1. dpp4t = 3.62 + 0.000099 Yt R2 . 50.00 
(25.47) (4.26) s. e. - 0.4136 
DW - 1.92 
2. dpp4t s 0.000094 Yt + 0.488 Pot 
(4.03) (25.5) s. e. = 0.4127 
DW - 1.99 
3. dpp4t = 0.000095 Yt + 0.468 P4t + 0.033 dpp4(t-1) 
(3.3) (3.97) (0.20) s. e. - 0.4304 
DW - 2.06 
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4. dpp4t - 3.51 + 0.000793 YINDt 
(21.02) (4.09) 
R2 - 44.0 
s. e. = 0.4215 
DW - 1.92 
Fuel oil is mainly consumed in electricity generation and industry 
and accounts for 90% of its consumption. The pattern of its consump- 
tion experienced significant shifts especially after 1975. The 
exhaustion of the hydroelectric generation capacity of the High Dam 
accelerated its use for electricity generation in thermal plants, 
while its price is very highly subsidised. Many specifications were 
experimented to capture the relationship between its consumption and 
the main income and price variable but they were all insignificant as 
the results show. 
Gas Oil: 
dPP5t - 0.455 + 0.000108 Yt + 0.0035 Pst 12 - 80.00 
(1.80) (6.48) (0.40) s. e. - 0.2237 
DW - 1.86 
dpp5t - 0.533 + 0.000112 Yt 
R2 s 80.4 
(7.11) (9.11) s. e. - 0.2184 
DW - 2.12 
dPP5t- 0.555 + 0.000116Yt + 0.0021 Pst -0.096 dpp5(t-1) 
R2 - 78.00 
(1.88) (4.45) (0.20) (-0.40) s. e. - 0.2332 
DW - 1.99 
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dpp5t - 0.477 + 0.000519 YTRNt 
(5.81) (8.83) 
R2 - 80.00 
s. e. - 0.2239 
DW - 2.00 
Consumption of gas oil was affected after 1975. Its use became much 
higher with the fast growth in the transportation sector under 
Egypt's new liberalized economic policy, and the substitution of gas 
oil for diesel oil. This explains the significance of the income 
variable in all specifications especially when the value added by the 
transportation sector was used as a regressor. The gas oil price 
appears always insignificant and assumed a wrong positive sign, 
contradicting the theoretical a priori expectation. 
Diesel Oil: 
1. dpp5t = -0.00025 Yt + 0.0164 P6t 
(-1.60) (3.87) 
s. e. = 0.2195 
DW - 2.26 
2. dpp6t = -0.000027 Yt+ 0.0180 P6t -0.105 dpp6(t-1) s. e. - 0.2306 
(-1.60) (3.0) (-0.44) DW - 2.09 
3. dpp6t - 0.000125 YAGRt 
(2.88) 
s. e. - 0.2789 
DW - 1.32 
Diesel oil is mainly used in the agricultural sector. During the 
sample period, the consumption of diesel oil has been steadily dec- 
lining due to the substitution of gas oil in new irrigation machines, 
besides the significant decline in its use for pumping irrigation 
water after the completion of the High Dam. Different specifications 
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were experimented but they were quite unsatisfactory. Suppressing 
the constant, the income variable appeared significant at a 5% level 
or more, but the price variable assumed a wrong positive sign. 
Among the presented results, the demand for petroleum products was 
set as: 
6 
PPt = J, dppit 
dpplt = -1.78 + 0.000073 Yt + 0.0831 popt -0.00570 Pit 
dpp2t = -0.313 + 0.000010 Yt - 0.00246 P2t + 0.0193 popt 
dpp3t = -0.348 +0.000012 Yt + 0.0370 popt -0.0163 P3t+ 0.51ldpp3(t-1) 
dpp4t - 3.62 + 0.000099 Yt 
dpp5t = 0.533 + 0.000112 Yt 
dpp6t = -0.00025 Yt + 0.0164 P6t 
Demand for Electricity: 
Aggregated demand for electricity was estimated over the period 
1957-1980, since the data was available for this period. Among 
different specifications, the following gave the best results: 
1. DELt- 14.5 + 0.000827 Yt -0.102 Pt R2 - 96.4 
(7.8) (11.9) (-6.4) 
2. DELti 2.46 + 0.000205 Yt -0.0165 Pt + 0.864 DELt_1 
(1.05) (1.98) (-0.92) (6.41) 
s. e. - 0.8973 
DW - 0.90 
R2 - 98.7 
s. e. - 0.5253 
DW - 1.50 
3. DELt - -4.83 + 0.000588 Yt'-0.0270 Pt + 0.393 popt R2 - 99.0 
(-1.30) (9.45) (-1.60) (5.52) s. e. - 0.5790 
DW - 1.03 
ýý 
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4. DELt - -1.75 + 0.000297 Yt -0.0121 Pt + 0.160 pop + 0.602 D ELt-1 
(-0.50) (2.56) (-0.69) (1.60) (2.83) 
;2= 
99.0 
s. e. = 0.5065 
DW =. 1.33 
5. DELt - 2.05 + 0.00207 YINDt -0.0144 Pt+ 0.822 DELt_i R2 = 99.0 
(0.99) (2.30) (-0.88) (6.09) s. e. - 0.5099 
DW - 1.42 
6. (DEL/pop)t - 0.426 + 0.000682 (Y/pop)t -0.00281 Pt R2 a 95.3 
(8.87) (8.86) (-7.07) s. e. - 0.02205 
DW a 1.01 
The summary statistics of all specifications are highly significant. 
All the regressors used assumed the right a priori sign and are 
significant at a 5% level or less. The energy price index was always 
insignificant except in equations 3 and 6, where it appears significant 
at a 10% level. The aggregate income variable (Yt) is highly 
significant although with a very low magnitude which was improved when 
the value added by the industrial sector, as the major consumer, was 
used as the income variable. Population is significant in all 
specifications, as expected. The income, price index, population and 
lagged values of (DEL) explain more than 95% of the variation in 
electricity demand. Equation 5 was selected to represent aggregate 
demand for electricity in the energy demand model as: 
DELt - 2.05 + 0.00207 YINDt -0.0144 Pt + 0.822 DELt-1 
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As the detailed analysis of the energy demand model shows, the 
disaggregated models (sect oral or products) proved to be inadequate 
for - future analysis; mainly as a result of the inadequate 
disaggregated consumption data, and the constraint 'linear form' used 
to maintain simplicity in incorporating the models in the simulation 
stage. The aggregate form of the energy demand equation was used to 
represent energy consumption as: 
Et - 11.2 + 0.000617 Yt - 0.0361 Pt + 2.00 D1974 
Conclusion: 
Energy demand as one of the principle variables linking the energy 
sector to the economy plays an important role in the modelling and 
assessment of their future development patterns. The main objective 
of this section was to analyse and estimate alternative energy demand 
models and use their estimated income, and price elasticities to 
project future energy demand levels applying different assumptions 
regarding economic and energy policies. The 'bottom-up' and the 
'top-down' approaches were applied to the maximum that the available 
data allows. The application of a detailed 'bottom-up' approach was 
intended, to reflect the structure of energy demand which influences 
its pattern. However, short time series data available on the 
sectoral base and the nearly constant petroleum products prices over 
the period of measurement render the results insignificant and far 
from being reliable for any further analysis. The aggregated 
approach proves to be reasonably significant and therefore has been 
selected to represent the demand aspect in the integrated energy 
planning model. 
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Although the income elasticity of energy demand in Egypt as a 
developing country was expected to be greater than 1.0, as reported 
in almost all studies of developing countries; due to the engagement 
of the economy in the initial stages of industrialization, the income 
elasticity was estimated in the range of 0.3 to 0.4, a magnitude 
which converges towards reported elasticities for advanced 
countries. This result can be explained on the grounds of two 
facts. The first is that the estimation period (1960-1980) witnessed 
massive oil revenues injected by the oil sector into the national 
economy which increased GDP significantly without being equalled by 
corresponding increases in economic output, therefore reducing the 
use of energy per unit of GDP, i. e. biased the income elasticity 
downwards. The second is that the Egyptian economy can be simply 
described as a dual-economy with a strong, relatively advanced 
industrial sector and a government policy committed to achieve more 
services to the ever increasing population resulted, to a great 
extent, in creating the feature and demand pattern of a relatively 
developed economy. This is besides the exclusion of non-commercial 
energy which accounts for 30% of total energy consumption, therefore 
renders the energy used per unit of output biased downwards. As for 
price elasticity, there is no unified reported result for its 
magnitude in developing countries, although it is commonly reported 
as -0.3. The estimated price elasticity was -0.5, indicating that 
although the energy pricing system in Egypt is characterised by a 
great deal of rigidity, energy demand is price elastic. Having 
identified the demand aspect of the Egyptian energy market, the next 
step is to assess its supply availabilities. 
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List of Variables 
Y: Gross domestic product 
p* : Energy price index 
rIp : Energy price elasticity (-0.3) 
pop : Population 
YAGR : Contribution of agriculture in GDP 
YIND : Contribution of industry in GDP 
YTRN : Contribution of transportation in GDP 
E/Y : Energy ratio 
T: Time variable 
PPsl : Petroleum product consumption by industrial sector 
PPs2 Petroleum product consumption by agricultural sector 
PPs3 : Petroleum product consumption by residential/commerical sector 
PPs4 : Consumption of petroleum products by transportation sector 
PPs5 : Consumption of petroleum products by electricity and public 
utility sector 
YD : Disposable income 
ELs1 : Electricity consumption by industry 
ELs2 : Electricity consumption by agriculture 
ELsg : Electricity consumption by residential/commercial 
ELs4 : Electricity consumption by electricity and public utility 
Pe : Price of electricity 
PP : Aggregated demand for petroleum products 
D1974: A dummy variable to measure the structural change after 1974 
dppi : Consumption of gasoline 
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List of Variables (continued) 
pl : Price of gasoline 
dpp2 : Consumption of LPG 
P2 : Price of LPG 
dpp3 : Consumption of kerosene 
P3 : Price of kerosene 
dpp4 : Consumption of fuel oil 
P4 : Price of fuel oil 
dpp5 : Consumption of gas oil 
p5 : Price of gas oil 
dpp6 : Consumption of diesel oil 
P6 : Price of diesel oil 
DEL : Aggregate electricity consumption 
(Y/pop) : GDP per capita 
(dppl/pop) : Gasoline consumption per capita 
(dpp2/pop) : LPG consumption per capita 
(DEL/pop) : Electricity consumption per capita 
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6.2 The Enerev Supply Model: 
In this section, the structure of Egypt's energy supply model is 
presented. Theoretical background of the model is first discussed 
followed by reporting the specified and estimated equation of the 
proposed model. 
6.2.1 Theoretical Background: 
Future energy requirements are closely connected with future economic 
activity levels, particularly as regards future industrial output, 
personal expenditure, etc. Energy is a commodity which infuses 
itself into almost every facet of daily life and the nation's 
economy. Therefore, relating its supply to economic planning both at 
the macro and, if possible, sectoral level is crucial. 
The growing importance of the petroleum sector in Egypt is evident 
from discussions in the previous chapters. The energy sector has 
become dominant in the whole economy in terms of its financial 
importance, which was created with the sharp increase in oil price 
accompanied by the expansion of the sector's production capacity. 
Oil production was doubled during the period between 1970 and 1982 
from 16.4 million tonnes to 32.9 million tonnes. The total produc- 
tion of oil and natural gas reached 35.3 million tonnes in 1982 
realising a percentage increase of about 4% over the 1981 levels. 
The sector's production plans for the future aim at a target of 
50 
million tonnes (million barrels a day) relying on the promising new 
discoveries in the Gulf of Suez, Western Desert and other areas 
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especially after regaining the Sinai fields. The sudden change in 
the sector's financial resources was reflected in unexpected 
additional flows of foreign exchange and fiscal revenue to the whole 
economy. This was one of the main factors that helped to realise the 
rapid overall growth of the economy through the foreign exchange 
earning pushed from the sector to the government budget. The point 
to be noted in this context is that comparably rapid growth in the 
sector's production and hence a continuing similar degree of import- 
ance can no longer be expected. Fast depletion rates for the 
existing fields, even if compensated for by new discoveries together 
with rapidly increasing domestic consumption, is going to lead to a 
declining rate in oil production levels and consequently in oil 
export's volume. Therefore the foreign exchange flow used in 
restructuring and building the economy will be halted. 
A link between oil production policy and economic development needs 
seems imperative and raises the question: Within the macroeconomic 
needs of the Egyptian economy what is the required oil production 
policy which would help in developing the economy and in particular, 
the non-energy sector? 
There are various policies that Egypt can follow in the exploitation 
of its oil resources: The first is to continue a high rate of 
production, and allocate the occurring revenues to satisfy current 
consumption. This policy, of course, will not help the economic 
development of the economy, as no capital formation in the form of 
building an economic base for the production of goods and services 
will be realised out of the oil revenues. The consequences of this 
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policy would be that available resources would soon be exhausted 
without accounting for future generations' need for energy. 
However, the negative effects of such production policy, where the 
preference is more for "present social welfare" of the economy, do 
not justify the other extreme-policy of "strong physical conserva- 
tion" by deferring output until some future time. Egypt has been at 
war since 1967, its physical infrastructure has suffered for a long 
time from inadequate investment and has therefore deteriorated 
considerably. A physical conservation policy would mean depriving 
the economy of a valuable foreign exchange source and hence limiting 
investment opportunities which are the main incentives for economic 
growth. This is together with the possibility of reducing the 
prospective usefulness of the resource with the penetration of energy 
alternatives. 
For a country in a phase of growth and development such as Egypt 
which is endowed with a reasonable amount of a valuable natural 
resource, crude oil, the best production policy seems to be that of 
producing on a level sufficient to be exchanged for a financial 
resource which could be invested in capital formation. If the large 
amounts of oil revenues that Egypt can currently command are 
channelled into investment and used efficiently, the country could 
succeed in using this windfall opportunity from sudden massive oil 
revenue in an efficient way; which could help in building the founda- 
tions for self-sustaining growth by developing the basic productive 
sectors, especially industry and agriculture, instead of planning for 
future development on the grounds of finite, unstable capital flows. 
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This policy would still be a conservation production policy, but from 
the economic point of view, as 'conservation' here refers to a better 
use of oil revenues: - in other words, directing these revenues to 
future welfare, through investment channels, rather than to current 
consumption. Accordingly, oil reserves would be extracted at a rate 
that satisfies future welfare needs. 
This brief overview of the energy supply problem in Egypt as linked 
to its economic development explains the reasons behind selecting the 
"Absorptive Capacity Concept" as the base for the Energy Supply 
Model. The main hypothesis which underlines the model is that the 
domestic level of absorptive capacity of oil revenues in Egypt is the 
most important economic factor which has considerable effect on the 
output strategy of the energy sector. 
6.2.2 The Concept of Absorptive Capacity and the Egyptian Economy: 
The concept of absorptive capacity occupies the centre of interest in 
economic development and foreign aid studies. It is defined as the 
limit of the amount of efficient investment physically possible, 
particularly in the short run (81). In other references, absorptive 
capacity is defined as the maximum level of government spending on 
both domestic and imported goods and services (82). In' a more 
explicit way absorptive capacity is defined as the maximum volume of 
total imports that an oil exporting country can effectively utilize 
in a given period of time (83). 
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John H. Adler (84) was the first economist who comprehensively 
analyzed this concept. He defined absorptive capacity as that rate 
of gross domestic investment expressed as a proportion of GNP, that 
can be made at an acceptable rate of return, with the supply of 
cooperant factors considered as given. Therefore, he views 
absorptive capacity as a schedule relating invested capital to its 
expected rate of return as shown in Figure (6.2). 
Figure (6.2) Absorptive Capacity 
Expected 
rate of 
return 
Schedule AA refers to absorptive capacity in a developing country 
where the decline is clearly steep owing to the inelastic supply of 
co-operant factors, while A! represents the situation in a developed 
country where the decline is more gentle since co-operant factors do 
not impose a serious constraint. This definition follows the 
marginal rate of return approach which is applicable to countries 
where capital flow is not a problem. 
Capital Investment 
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The point that could be noticed from these definitions is that the 
concept of absorptive capacity has been mainly related to cases where 
the capacity of the economy is limited. Hence most of the literature 
and research projects were mainly relevant to oil producing 
developing countries where availability of capital does not present a 
constraint. The question in such cases is how to expand the 
absorptive capacity to absorb efficiently the excess of available oil 
revenues. The only constraints are in the limited availability of 
the so called cooperant factors such as lack of skilled labour, or 
management, lack of knowledge, inadequate infrastructure, 
institutional, cultural and social constraints and inadequate 
demand. Therefore increasing one of the input factors, namely 
investment capital, while other input factors held constant will 
diminish the expected return of this capital as the increase in the 
resulting output will become smaller and smaller. 
The marginal rate of return approach does not fit the case of Egypt, 
where the main constraints are unavailability of financial flow 
despite the relatively high'absorptive capacity of the economy. A 
much more appropriate approach for Egypt is the "two-gap" approach, 
(31) (49) which accounts for two constraints that limit the growth in 
a developing country: (i) the rate of domestic savings which 
constitute the "Saving Gap", showing the difference between the 
required amount of gross domestic investment and estimated gross 
savings; and (ii) the quantity of foreign exchange available for the 
importation of crucial inputs such as capital equipment. This there- 
fore creates the "Foreign Exchange Gap" as measured by the difference 
between the quantity of imports required to achieve the desired rate 
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and the actual foreign exchange earnings from exports and other 
sources of foreign exchange. 
These two gaps could be estimated as follows: * 
Saving - Investment - Expected - Public - Bank - Expected 
Gap net foreign savings financing voluntary 
capital private 
inflow savings 
Foreign Exchange Current account - Expected net foreign 
Gap deficit capital inflow 
This approach identifies the constraints to growth, particularly the 
financial constraints, and estimates the economy's absorptive 
capacity for financial capital, taking into account the other sources 
of constraints to absorptive capacity which are called the co-operant 
factors. 
Applying the previous analysis to the case of Egypt, it can be 
noticed that Egypt has a reasonably well trained labour force and 
fairly skilled management with high planning and managerial abilities 
as compared to any other developing country with the same income 
level and at the same level of development. Although the government 
and the public sectors are predominant, the private sector became 
active too after the restructuring of Egypt's economic policy. The 
policy was aimed towards more encouragement of the private sector's 
participation in growth and development of the economy. In fact, the 
* For a detailed analysis of the component of each gap, see (49). 
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infrastructure called the social overhead capital is the real 
constraint to the economy's absorptive capacity. It includes 
transportation, communications, power and water supply, port 
facilities, education, health and other public services. The long 
period of wars in which the country has been involved since 1967, 
seriously affected its physical infrastructure. With fast growing 
population, and limited financial resources devoted mainly to defence 
and war preparations, little was left for investment in the infra- 
structure where large, not directly productive capital outlays are 
needed. Another point worth mentioning is that contrary to many rich 
developing countries, Egypt does not suffer from a small size market, 
however, its major problem is the lack of purchasing power due to 
lower per capita income. Consequently, it could be concluded that 
Egypt has considerable potential to develop into a modern 
industrialised state provided that the previously mentioned 
co-operant factors are given more attention. 
A common simple approach to measure absorptive capacity is to employ 
the following equation (85): 
AC - Y+M - X+ I 
where: AC: absorptive capacity 
Y: gross domestic product generated inside the economy 
M: level of imports 
X: level of exports 
I: change in inventories 
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Accordingly, the absorptive capacity at a given point in time is 
equivalent to the gross national product originated inside the 
economy plus imports minus exports plus any change in the level of 
inventories. A more appropriate approach for a developing country 
such as Egypt is to use an input-output table to estimate the volume 
and composition of intermediate imports which can be utilized as a 
function of the economy structure and the inter-industry flows. 
Domestic absorptive capacity could be measured as: * 
Absorptive imports of capital + imports of consumption 
Capacity and intermediate goods and services 
goods 
The previous discussion shows that the absorptive capacity problem in 
Egypt concerns the capacity to generate and effectively utilize large 
investment funds. The energy supply model is based on this idea. A 
set of energy supply models are specified, estimated and evaluated, 
then linked to the macroeconomy model developed in 6.1. The expected 
supply availabilities are then determined through the integrated 
stage i. e. the 'simulation model', which will incorporate the three 
blocks - energy demand, energy supply and the macroeconomy model. 
These are solved according to specified growth targets to determine 
the best policy which realises an energy balance and achieves desired 
economic growth rates. 
* The actual estimation of absorptive capacity is beyond the scope 
of this work and was left for further research. 
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6.2.3 The Energy Supply Model: 
Oil Production 
Grouping petroleum exporters roughly into "price-takers" and "price- 
makers", Egypt is categorised as one of the price-takers. It follows 
the world oil prices (which are normally set by the other group) as 
given; and makes its supply decisions regardless of their impact on 
world prices. Consequently the form of its oil supply function 
depends on the intended use announced by the government of Egypt as 
(64): 
1. Developing the oil industry up to international technological 
standards. 
2. Satisfying domestic energy needs. 
3. Guaranteeing sufficient oil reserves for future generations. 
4. Participating in the overall development through oil revenues. 
In forecasting future petroleum supplies, different types of methods 
have been applied, but mostly for the price-makers group. Oil 
production in Egypt, as a price-taker, is characterised and 
influenced by different factors which render such methods 
unsuitable. However, it has been mentioned in 5.1 that the general 
framework of Ezzati's model, is employed in this study as it suits 
the broad objective of linking the energy sector, the demand and 
supply aspects, to the macroeconomy. An initial requirement for this 
framework is to specify and estimate a model for oil production. One 
simple approach that has gained acceptance, is the use of econo- 
metrics. Employing this approach to the oil supply model, three 
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basic determinents appeared to be having a considerable effect on 
Egypt's oil production: reserves of crude oil, depletion rate and 
government policies. 
Oil Reserves: 
M. Adelman and H. Jacoby (86) define oil supply as an economic 
process, being the depletion of a stock which is constantly renewed 
by adding new reserves and expanding the limits of the existing 
ones. In other words, the stock of known reserves is not a fixed 
amount, it is continuously altered by new discoveries. 
Given an estimate of current proved reserves (Rt), the associated 
production (Qt) and the number of rigs operating in the area (RYt), 
the reserves added per rig time unit (RA) can be calculated using a 
simple extrapolation such as*: 
75 75 
RA - [R -R+MQ] 2-1 RY 
75 72 t-73 t t-73 t (i)** 
A forecast of reserves additions could be obtained by applying the 
previous equation to subsequent years' drilling rate as: 
QRt - RYt . RA 
(ii) 
To account for the diminished yield from new investment through 
depletion, Adelman and Jacoby defined a coefficient (bt) to reflect 
the diminishing yield. Assuming (Cum Rt) is all past production plus 
current proved reserves in yeart, and (Ult Rt) ultimate recoverable 
* For other approaches see (86) pp. 10-35. 
** Assuming the calculation of (RA) over a three-year period, 
1972-1975. 
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reserves, (bt) is calculated as 
bt 1_ 
Cum Rt 
1_ 
Cum R75 
(iii) 
Ult Rt Ult R75 
The reserve addition formula then becomes: 
ARt a RYt . RA . bt (iv) 
Detailed data for the previous calculations, especially the number of 
rigs operating in different production areas are strictly confident- 
ial and not attainable. The reserves data used in the oil production 
model were that supplied by the EGPC Statistical Department, as it 
was not possible to gain access to the details of the underlying data 
and assumptions. 
Depletion Rate: 
An important factor which affects the available reserves is the rate 
of depletion. Generally speaking, the depletion rate depends on the 
size of the reserve, the availability of substitutes in the various 
uses of oil in addition to many other technical, economic and 
political considerations regarding the desired achieved balance 
between present and future needs. 
A simple approximation is the use of a historical "Production- 
Reserves ratio". Assuming that new additions to proved reserves will 
be depleted at the same rate as existing fields, the depletion was 
calculated as: 
Kt - Qt/Rt 
where K, Q and R are depletion rate, production and reserves of oil 
respectively. 
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Although the simple production-reserve ratio is not a precise 
measure because it aggregates all oil fields and hence assumes an 
equal weight for every barrel of the reserves, it is used in the oil 
supply model in this study owing to its applicability to available 
data. 
Government Policy: 
The oil industry in Egypt is owned entirely by the government. 
Therefore the production policy is determined directly according to 
government policies and plans for the whole economy and the energy 
sector. In this context many political and ideological pressures are 
accounted for and very little is left to market forces. 
The first and second increase in oil prices during the 1970's 
encouraged the government to adopt a production policy which could be 
described as a "Repletion Policy". As defined by C. Robinson and 
I. Marshall (87), repletion is a policy which aims to increase the 
total amount of oil production in some given period of time by 
accelerating the rate of depletion. This implies that the time 
distribution of output can be changed without increasing total 
recoverable reserves. These, however, might diminish if depletion 
rates are accelerated, regardless of the physical characteristics of 
each field. In spite of all these considerations, the government of 
Egypt, through the EGPC, is at present adopting a policy of acceler- 
ated production of crude oil depending on the promising potential 
discoveries and the intensified exploration activities. In 1983, 
this policy resulted in 17 oil and natural gas discoveries. In 
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addition to this, a record number of oil concession agreements* were 
concluded in conformity with Egypt's policy; aimed at intensification 
of search for new resources of crude oil and natural gas. A note 
worth mentioning is that in some other countries, the inter-action 
between price and supply takes a backward-bending supply curve**. 
Higher prices would be expected to generate excess revenue; to such 
an extent that might disrupt the desired rate of social adaptation. 
In such cases, the higher the price the lower the production rate. 
In Egypt, the oil production policy is complementary to other 
economic and welfare policies. The achievement of such economic and 
social welfare policies depends to a great extent on oil: either 
directly as a source of energy or indirectly as a major financial 
contributor to the government budget through export earnings. To 
account for this fact, energy consumption is used as a proxy for 
government policy as well as a link between the energy demand model 
and the energy supply model. 
From many equations specified and estimated, the following were 
chosen: 
*A total of 89 agreements covering an area of 712939 Km2 were 
concluded and signed in the period 1973-1983, out of which 13 
agreements covering a total area of 21600 Km2 and involving 
expenditure obligations totalling 192 million US dollars plus a 
total of 15 million dollars by way a signature bonuses were signed 
in 1983 [(105). 1983]. 
** Canada and Malaysia are examples (86). 
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1. OPt - -9.79 + 0.0112 Rt + 1.58Et 
(-3.83) (1.25) (4.61) 
2. OPt - 0.529 + 0.00772 (K. R)t + 0.0339PXt 
(0.56) (9.61) (2.05) 
3. OPt - -2.75 + 0. 00687 (K. R)t + 0. 0128PXt + 0.442Et 
(-1.19) (7. 26) (0. 61) (1.55) 
4. OPt - -3.80 + 0. 00694 (K. R)t + 0.554Et 
(-2.51) (7. 50) (2.60) 
S. OPt - -14.2 + 2.77 Kt + 0.0162 Rt + 0.916Et 
(-7.83) (5.31) (2.83) (3.66) 
R2 - 79.8 
s. e. - 3.607 
DW - 0.69 
R2 - 94.0 
s. e. = 1.957 
DW - 0.83 
R2 94.5 
s. e. - 1.885 
DW - 1.15 
R2 s 94.9 
s. e. - 1.85 
DW - 0.84 
R2 - 92.00 
s. e. - 2.27 
DW = 1.18 
6. OPt - -2.99 + 0.00704 (R. K)t + 0.420 Et + 0.00202 IEt 
(-1.70) (7.52) (1.61) (. 091) R2 - 94.6 
s. e. - 1.860 
DW = 0.80 
In equation (1), oil production is assumed to be a function of the 
available oil reserves seen as a physical constraint, and commercial 
energy consumption. The inclusion of reserves in oil supply models 
is common. Commercial energy demand is used in this equation to 
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reflect the EGPC's energy policy of satisfying local demand for 
energy using domestic resources. The summary statistics are good 
except for (Rt) which is significant at more than 20%. The two vari- 
ables together explain about 80% of the variation in oil production. 
In equation (2), the actual size of the reserves as affected by the 
government depletion policy is used as an explanatory variable to- 
gether with the export price of crude oil which is assumed to have a 
positive effect on oil production. Both variables appeared signifi- 
cant explaining 94% of the variation in oil production. 
Energy consumption (E) was introduced to equation (3) together with 
(K. R) and (PR) to reflect the major factors influencing oil supply 
policy. The specification improved as indicated from a slightly 
higher DW. However the correlation between the export price variable 
and the other regressors affects the significance of (PX). 
An attempt was made in equation (6) to introduce the effect of 
investment allocated to the energy sector (IE) on the improvement in 
oil production level as a result of more exploration and drilling 
activities, or the use of more efficient methods in drilling from the 
existing fields. The variable appeared insignificant although with 
the correct positive sign. The reason is that investment in the 
energy sector was calculated roughly as a residual between total 
investment and investment in all non-energy sectors. The energy 
sector in Egypt is completely independent and self-financed from its 
own revenues. Therefore, investment levels which determine its 
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development and growth are not only what the government allocates to 
the sector. Equation (5) was selected to be incorporated in the 
energy planning model as it gives a good statistical fit and would 
help in testing the government production and depletion policies 
throughout the simulation stage: 
OPt e -14.2 + 2.77 Kt + 0.0162 Rt + 0.916 Et 
Electricity Supply: 
Several equations have been specified for electricity supply using 
two samples 1960-1980 and 1957-1980. The following have proven to be 
the best for the purpose of this study: 
1957-1980 
1. ELCt - 352 + 1.03 Yt 
(8.0) (14.26) 
R2 = 91.0 
DW - 0.40 
2. ELCt - 2239 + 8.50 YINDt R2 - 93.2 
(5.07) (16.6) DW - 0.60 
3. ELCt - 1556 + 3.14 YAGRt + 7.54 YINDt - 7.25 YTRNt 
(2.33) (1.50) (1.61) (-2.74) 
R2 = 96.1 
DW a 1.09 
1960-1980 
4. ELCt - -8337 + 4.93 YINDt + 393 popt 
R2 s 97.4 
(-4.35) (6.89) (5.58) DW - 1.28 
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5. ELCt - -3.261 + 3.87 YINDt + 169 popt + 0.423 ELCt-1 
(-1.14) (4.38) (1.42) (2.11) R2 = 97.7 
DW = 1.66 
The level of economic activity underlines equations (1), (2) and 
(3). In equation (1), the aggregate income was used while in 
equation (2), the industrial sector's activity level was used. Both 
specifications were significant explaining 90% - 93% of the variation 
in (ELC). In equation (3), the components 'of national income were 
used to reflect the structure of the economy. The explanatory power 
of the regressors used reached 96% with DW improving too, indicating 
a better specification, although implies the existence of auto- 
correlation. 
Equations (4) and (5) employed the value added by the industrial 
sector and population as explanatory variables. The results were 
highly significant in equation (4), while the dynamic specification 
in equation (5) impaired the significant level of some of the 
regressors. 
Equation (4) was selected to represent the electricity supply 
function in the energy planning model, as it appeared highly 
significant and within the sample size employed in the other models. 
The energy supply model was structured as: * 
OPt a -14.2 + 2.77 Kt + 0.0162 Rt + 0.916 Et 
ELCt - -8337 + 4.93 YINDt + 393 popt 
* These two specifications for the energy supply side of the 
planning model were selected for simplicity compromising with data 
limitations, although they cannot be considered the ideal 
specification. 
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The supply aspect in the energy market is characterised by long time 
constants needed for adaptation, be it expansion or a change in 
composition, which makes early decisions about its desired structure 
quite important. In fact such time constants are long when compared 
to the time constants of changing circumstances such as political 
conditions of supply, economic ups and downs and social attitudes. 
The question of to produce or not to produce and how much was the 
main focus of the energy supply model. The issue has been seen from 
the economic, political and social perspectives, through the use of 
GDP, export price of crude oil, population and actual demand levels 
in explaining the behaviour and changes in energy supply in Egypt. 
The major assumption was that the absorptive capacity of the domestic 
economy is a major factor changing energy supply patterns. It 
appears that there is not much scope for improving the supply 
projection methods without more reliable data and timely detailed 
information on government plans for supply development. Using the 
available data and applying a certain level of approximation, oil 
supply proves to be determined by technical aspects, (level of 
reserves), government policy (depletion rate), and social attitudes 
(energy consumption). Electricity supply showed a high dependency on 
the general economic level (GDP) and population. 
Having specified and estimated the three blocks of models comprising 
The energy planning model, an integrated simulation model will be 
constructed, evaluated for forecasting accuracy in order to be used 
finally in structuring the desired energy plan for the sector. 
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List of Variables 
OP : Oil production in million metric tonnes 
R. : Reserves of crude oil in million barrels 
.E: Energy consumption in million metric tonnes 
K: Depletion rate of oil reserves 
PX : Export price of crude oil 
ELC : Electricity generation in million k. wh. 
YIND: Contribution of. industrial sector in GDP 
YAC R: Contribution of agricultural sector in GDP 
YTRN: Contribution of transportion sector in GDP 
DEL : Electricity consumption in million k. wh. 
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CHAPTER 7 
THE ENERGY PLANNING )WEL: EVALUATION AND FORECASTING 
In this chapter, the integrated energy planning model, incorporating 
the three blocks of models discussed in the previous chapters, is 
presented and evaluated. It is then used within a dynamic simulation 
approach for forecasting and policy purposes. 
7.1 The Energy Planning Model: 
Based on the selected best specification in each block of models, the 
energy planning model proposed for the Egyptian energy sector is 
structured as follows: 
(i) The Model 
Structural Equations: 
Ct = -239.6 + 0.4197 YDt + 0.5256 Ct_1 -404.9 D1974 (1) 
Gt 82.3 + 0.1071 GRt + 0.7919 Gt_1 + 42.3 D1974 (2) 
GRt - -228.3 + 0.2817 Yt + 0.5809 Mt -53.1 D1974 (3) 
It = -179.7 + 0.1256 Yt + 0.6867 It-1 + 274.4 D1974 (4) 
NOXt = -183.8 + 0.2154 YNO ILt -104.9 D1974 (5) 
0Xt = 298.7 + 15.2 PXt + 2.2 Opt -41.02 Et (6) 
opt - -13.7 + 2.9 Kt + 0.012 Rt + 0.9499 Et (7) 
Et 11.1 + 0.0006 Yt -0.0350 Pt + 2.0137 D1974 (8) 
Mt = -404.9 + 0.1942 Yt + 0.8475 Mt-1 -49.1 D1974 (9) 
INEt - 258.6 + 1.4701 OXt + 723.4 D1974 (io) 
ELCt - -3261 + 3.87 YINDt + 169 popt + 0.423 ELCt-1 (11) 
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Identities: 
Yt " Ct + Gt + It + Xt - Mt (12) 
Xt - OXt + NOXt (13) 
IE - It - INEt (14) 
YNOIL- Yt - OXt (15) 
Endogenous Variables: 
Y: Gross domestic product 
C: Private consumption 
G: Government consumption 
I: Total investment 
X: Exports of goods and services 
M: Imports of goods and services 
GR : Government revenues 
INE : Investment in non-energy sectors 
OX : Oil export 
IE : Investment in the energy sector 
NOX : Non-oil exports of goods and services 
OP : Crude oil production 
E: Energy consumption 
YNOIL: Income generated from non-oil sectors 
ELC : Supply of electricity 
Exogenous Variables: 
PX : Export price of crude oil 
K: Depletion rate of crude oil 
R: Reserves of crude oil 
P* : 'Energy price index 
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YD : Disposable income 
YIND : Output of the industrial sector 
pop : Population 
Dummy Variables: 
D1974-0 for t< 1973 
=1 for t> 1973 
(ii) Some Technical Considerations 
Before evaluating the forecasting accuracy of the energy planning 
model some technical considerations have to be taken into account. 
The model is a simplification of reality and therefore ignores some 
factors and simplifies others, either for the purposes of simplicity 
or because of insufficient and/or inaccurate data used in the 
estimation. An example, is the specification of private consumption 
(C), government revenues (GR) and investment (I). 
The model is based on twenty one observations covering the period 
1960-1980, which is a relatively small sample. This imposes some 
limitations on the structure and importance of the models' 
statistics. It places constraints on the number of explanatory 
variables which can be used due to the loss of the degrees of 
freedom; and renders the estimated parameters subject to distortion 
by certain 'abnormal' observations, a case which is applicable to 
Egypt. During the sample period, most of the time series were 
subject to strong upward trends, especially in the period after 
1974, with the changes in the political situation and the 
liberalisation of the economic policy. These changing trends have 
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reduced the possibility of accurately measuring the effects of 
changes in the explanatory variables on the dependent variables. 
Accordingly a dummy variable (D1974) was added to the selected 
equations from each block of models to account for the structural 
shift in the time series data used after 1974, as the following 
figure shows: 
The traditional single equation least squares method was used for 
experimentation with different models based on alternative hypotheses 
concerning the economic behaviour of the dependent variables. The 
integration of the selected equations in the energy planning model 
introduced simultaneity and required the use of a simultaneous method 
of estimation, where the nature of the incorporated economic 
relationships is taken into account in order to generate consistant 
estimates. . Limitations imposed by the number of observations 
constrained the use of a simultaneous method such as Theil's two 
stage least squares (2SLS) or maximum Iikelihood (ML), where more 
than one instrumental variable has to be added to each equation, thus 
preventing the use of all the information at our disposal. 
1960 Time 1974 
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The point to be noted is that applying least squares to the model, 
individual equations, although they belong to mutually inter- 
dependent systems of equations, generate biased estimates. These 
estimates, however, possess the merit of having smaller variance 
around their mean than other unbiased estimates. However, the 
information as to whether the smaller variances of least squares 
estimators compensates for their larger bias is limited. 
Consequently, the criterion which justifies the use 'of least squares 
in estimating the simultaneous energy planning model stems from the 
forecasting purpose for which it was constructed. In an econometric 
forecasting model, the matter of interest is not the behaviour of 
individual equations, but the model as a whole. In addition 
practical experience suggests that the actual results of using 
simultaneous equation techniques are 'often not very different from 
those estimated by the single equation least square techniques (91). 
7.2 Testing the Model: 
The energy planning model, presented in (7.1), consists of two 
blocks: (i) one includes the equations which reflect the inter-action 
and feedback in the model; and, (ii) the other incorporates the elec- 
tricity supply (ELC), which has no simultaneous relationship with the 
rest of the model, but is required to construct the energy balance in 
the simulation results. For presentation purposes, the first block 
will be referred to as the energy model: Block A, and the second, the 
energy model: Block B. 
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7.2.1 The Energy Model: Block A 
As stated earlier, the sub-modules comprising the integrated energy 
planning model are based on an econometric orientation and consist of 
equations estimated using the standard econometric technique, OLS, 
except for the accounting identities. In the presentation of the 
different modules, their composite estimated equations were evaluated 
using their summary statistics, such as R2, T*-ratio and DW, to judge 
their goodness of fit and to select the best specifications. An 
evaluation of the energy planning model as a whole is also required. 
The individual equation in each model may have a very good statistic- 
al fit, but the model as a whole may be unsatisfactory in producing 
the historical data, thus indicating a weak statistical fit (92). A 
reverse situation might be the case where an individual equation 
might be unsatisfactory on its own, but produces the historical time 
series when the model is solved as a whole. 
Dynamic simulation is implemented to solve the simultaneous energy 
planning model. Simulation is simply the mathematical jolution of a 
simultaneous set of difference equations where current value of one 
variable is related to current and past values of other variables 
[(92) p. 360]. Simulation techniques could be generally used for 
different purposes: testing a model, analysing historical policies 
and forecasting within a time horizon depending on the objective of 
the simulation. For the purpose of this research, dynamic simulation 
has been used for model evaluation and forecasting as the following 
figure shows*: 
* The figure is constructed based on Theil (92). 
v 
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Ex-post Ex-post Ex-ante 
simulation forecast forecast 
t- 1987 
II 
1960 1980 1983 
For evaluation purposes, dynamic simulation is used to examine how 
closely each endogenous variable tracks its corresponding historical 
data within the sample period 1960-1980 in order to evaluate the 
goodness of fit of the entire model. 
Given the observed values of the exogenous variables (PX, K, R, P*, 
YD) for each sample year and the values of the lagged endogenous 
variables (Ct-1, Gt-1, It-1, Mt-1) only for the first year of the 
sample period, the model was solved generating its own current values 
of lagged endogenous variables under conditions of complete 
certainty, yielding solutions for each of the endogenous variables. 
For this purpose, two simulation statistics are used as measures of 
the model's ex-post simulation performance: 
(i) The Mean Absolute Percentage Error (MAPE) suggested by Klein 
[(93)-p. 2421 and defined as*: 
t-T 
MAPE a11 It - Yt Ix 100 T t=1 - 
Yt 
where: T: length of sample period 
Y observed value of the endogenous variable in period t 
Y: estimated value of the endogenous variable in period t 
and 
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(ii) Theil's inequality coefficient U (94) defined as*: 
U=E1 (Pi - Ai)2 
/n 
i= 
iE1 
Ai2 /n 
where: Pi - predicted (forecast) change in the dependent variable 
Ai - actual (realised) change in the dependent variable 
n= number of observations 
A high percentage error between actual and fitted values of the 
dependent variables was expected for some variables in the ex-post 
simulation results due to: (i) the imperfect specification of some 
equations such as investment where an aggregate specification was 
employed ignoring the diversity between factors influencing public 
and private investment; and (ii) the significant shift in some series 
such as (OX) where the series starts with a value of 6.1 million 
E. E. and ends with 2145 million E. E. as shown in the data appendix. 
The accumulation of such error through the dynamic simulation was 
expected to affect the magnitude of the error. 
An attempt to check the effect of these two aspects was carried out 
by changing the sample to cover the range 1970-1980. Table (7.1) 
reports the evaluation results of the proposed, energy planning model 
using the two samples. 
* The values that (U) assumes lie between 0 and 1. 
if U-0, the forecasts are perfect 
if U-1, the forecasts are no better than a 'naive' zero change 
prediction ' 
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Table (7.1) 
The Energy Model: Block A 
Ex-Post Simulation Results* 
MAPE U 
Endogenous Sample (1) Sample (2) Sample (1) Sample (2) 
Variables 1960-1980 1970-1980 1960-1980 1970-1980 
Y 3.9 4.7 0.00090 0.00353 
C 7.1 4.0 0.00191 0.00105 
G 6.4 5.0 0.00524 0.00469 
I 29.1 21.3 0.01472 0.04907 
X 19.7 9.0 0.01274 0.00931 
M 42.0 9.1 0.02217 0.00497 
GR 15.0 8.9 0.00637 0.00457 
INE 21.3 40.7 0.01479 0.03406 
ox 137.7 62.0 0.02139 0.01763 
NOX 24.2 9.1 0.01853 0.01138 
OP 15.5 6.0 0.01420 0.00655 
E 6.2 4.2 0.00459 0.00174 
YNOIL 4.7 5.1 0.00111 0.00436 
As an overall evaluation, the results show an improvement in the 
simulation fit, as measured by (MAPE) and (U) values, when the 
relatively more homogenous sample (1970-1980) was used, indicating 
the significant effect of the structural changes on the ex-post 
simulation results. Turning again to the original sample, we notice 
that Theil's inequality coefficient is quite significant with a low 
value indicating the good performance of the model. However, some 
* The Time Series Processor (TSP) was used in calculating the 
ex-post simulation results (95). 
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variables have small simulation errors while others have large 
errors. The seriousness of such results depends on the importance of 
the variables having large error as well as on the explanation of 
such error. (OX) is the variable which shows the largest error as. 
was expected and explained earlier. A re-specification of (OX) 
equation form was attempted by adding the dummy variable (D1974) to 
account for the sudden shift occurred after 1973 as follows: 
OXt - 96 + 14.8 PXt + 0.10 OPt + 15.5 Et -14.7 D1974 
72 
- 97.2 
(0.59) (14.5) (0.05) (-0.80) (-1.70) s. e. - 88.09 
DW - 2.14 
Although the results have good statistical fit, two of the regressors 
(OP) (E) appeared insignificant and with the wrong sign in the case 
of (E). However, they improve the simulation accuracy of the 
equation* by reducing the error from 137.7 to 72.0 which is a 
significant change but still indicates a high error. The re- 
specified equation was not accepted especially with the poor 
statistical fit of most of its regressors as judged by statistical 
and economic theory criteria. 
In fact, another important criterion which evaluates, the simulation 
fit is the performance of the model in simulating turning points in 
the historical data (92). The presented figures (7.1) to (7.14) for 
actual and simulated values indicate the ability of the model in 
simulating sudden changes in the historical data. 
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The purpose for which the model was built is,. another important 
evaluation criterion. The main objective of the energy planning 
model is forecasting and policy analysis, therefore the ex-post 
forecast beyond the sample period is an important measure of the 
model's performance. In this test, the simulation starts at the end 
of the estimation period and extends into the present. In other 
words, the model is used to predict data outside the sample period on 
which the parameters of the model were estimated. Feeding the model 
with the 1981 and 1982 values of (PX, K, R, P*', YD) and the forecast 
value in the previous year (1980) for (C, G, I, M), forecasts beyond 
the sample period were generated. Table (7.2) refers to the actual 
and fitted values together with simulation statistics for the model's 
variables. Figures (7.1) to (7.14) provide a visual representation 
of how the model's variables fit their observed time path within and 
beyond the sample period. As the results indicate, the model proved 
to be performing well beyond the sample period, particularly the 
variables which occupy the main interest in the energy plan as major 
economic and energy targets, (e. g. Y, OP, E, OX, INE). 
7.2.2 The Energy Model: Block B 
The same evaluation tests were applied to the electricity supply 
equation. Tables (7.3) and (7.4) summarise the results within and 
beyond the sample period: 
The simulation statistics for the electricity supply model within and 
beyond the sample period, give excellent fit indicating a highfore- 
casting power of the equation. 
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Table (7.2) 
The Energy Model: Block A 
Ex-Post Forecasts* 
Endogenous 
Variables 
Y (M. £. E) 
C (M. £. E) 
G (M. £. E) 
I (M. £. E) 
X (M. £. E) 
M (M. £. E) 
GR (M. £. E) 
INE (M. £. E) 
OX (M. £. E) 
NOX (M. £. E) 
OP (M. M. T) 
E (M. M. T) 
YNOIL (M. £. E), 
1981 
Actual Fitted 
16804 17693 
10632 13149 
2697 3236 
4900 5154 
5097 5078 
6522 9108 
3123 4962 
4061 3904 
2408 1987 
2688 3045 
32 30 
21 21 
14395 15711 
1982 
Actual Fitted 
20396 19301 
14427 15007 
3430 3629 
4700 5995 
5787 5181 
8048 10915 
3545 4751 
4284 3458 
2242 1684 
3545 3398 
33 32 
23 22 
18154 1629 
MAPE 
5.8 
13.8 
12.8 
16.3 
6.7 
37.6 
46.1 
11.5 
21.1 
8.6 
3.8 
3.7 
6.6 
U 
Table (7.3) 
The Energy Model: Block B 
Ex-Post Simulation 
Endogenous 
MAPE U 
Variable 
0.00285 
0.02079 
0.01732 
0.03775 
0.00618 
0.13895 
0.21662 
0.02031 
0.04509 
0.00750 
0.00154 
0.00123 
0.00374 
ELC 4.48 0.00404 - 
* The numbers are rounded to the nearest integer. 
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GOVERNMENT CONSUMPTION EXPENDITURE: ACTUAL 
AND FITTED VALUES 1961-1982 
FIGURE 7.3 
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TOTAL INVESTMENT EXPENDITURE: ACTUAL AND 
FITTED VALUES 1961-1982 
FIGURE 7.4 
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EXPORTS OF GOODS AND SERVICES: ACTUAL AND 
FITTED VALUES 1961-1982 
FIGURE 7.5 
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FITTED VALUES 1961-1982 
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GOVERNMENT REVENUES: ACTUAL AND FITTED VALUES 
1961-1982 
FIGURE (7.7) 
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INVESTMENT IN NON-ENERGY SECTORS: ACTUAL 
AND FITTED VALUES 1961-1982 
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NON-OIL EXPORTS: ACTUAL AND FITTED VALUES 
1961-1982 
(FIGURE 7.10) 
X102 
40_ 
Estimation Period Post_ 
Sample 
35 
30 
25 
w 
J 
20 
0 
I, J 
15 
10 
5 
0 
YEARS 
1960 1964 1968 1972 1976 1980 
- 315 - 
OIL PRODUCTION : ACTUAL AND FITTED VALUES 
1961-1982 
FIGURE (7.11) 
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ENERGY CONSUMPTION: ACTUAL AND FITTED VALUES 
FIGURE (7.12) 
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INCOME FROM NON-OIL SECTORS: ACTUAL AND 
FITTED VALUES 1961-1982 
FIGURE (7.13) 
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ELECTRICITY SUPPLY: ACTUAL AND FITTED VALUES 
1961-1982 
FIGURE (7.14) 
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Having tested the model from more than one aspect, it was concluded 
that it is statistically fit enough to be used for forecasting 
purposes regardless of the large error associated with some of its 
Table (7.4) 
The Energy Model: Block B 
Ex-Post Forecasts 
Endogenous 1981 1982 
MAPE U 
Variables Actual Predicted Actual Predicted 
ELC 20747.0 20587.6 23353.0 23309.90 0.47634 0.00003 
variables, especially: (i) considering the quality of data used; (ii) 
the imperfect specification of some of its equations due to the lack 
of data; (iii) the significant structural shift over the sample; and 
(iv) the effect of accumulated error throughout the dynamic simu- 
lation processes. As Theil states "Unless the forecasting objective 
is centered on only one or two variables, the error forecasting must, 
be evaluated together to judge the model as a whole" [(92) p. 364]. 
7.3 Dynamic Simulation: Model's Forecasting 
Having tested the model's performance both within and beyond the 
sample period it was concluded that most of the model's endogenous 
variables reasonably track their corresponding historical data 
series. The next step is to use the model for the purpose it has 
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been constructed for, namely forecasting. 
Forecasting involves a simulation of the model forward in time beyond 
the estimation period. In the evaluation stage, ex-post forecasting 
was conducted beyond the estimation period, up to 1982, where the 
events had already happened and therefore the test was based on com- 
paring actual with fitted values of the model's variable. Using the 
estimated model to forecast up to 1987 where the events have not yet 
occurred is an ex-ante forecast, where the assumptions assigned for 
the policy variables drive the forecast, and the only test or 
criterion to select the best policy is its implications on some 
target variables, which measure desired goals to be achieved. As 
stated earlier, the forecasting is carried out up to the year 1987 
for two reasons: first, to compare the results with the government 
announced Five Year Plan (1983-1987) and use it as a 'base case' in 
evaluating the impacts of changing the policy variables on the major 
indicators of the planning model; and, second, to maintain. as 
accurate forecasts as possible, since (i) dynamic simulation uses the 
predicted rather than the actual values of lagged endogenous 
variables, which means that errors would be accumulated over the 
period, impairing the forecast accuracy; (ii) projecting the 
exogenous variable's value further into the future introduces more 
uncertainty; and (iii) using the estimated parameters for forecasting 
implys that the forecasting period will have the same structure as 
the historical period. This could be considered valid only over a 
short period of time. 
Dynamic simulation is also used for ex-ante forecasts, i. e. future 
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simulation, by simply setting some growth rates for the exogenous 
variables, according to their observed historical path adjusted for 
future expectation or relying, in some cases, on official government 
reports. Each set of these assumed movements in the controlled 
exogenous variables, forms a policy which is tested throughout its 
impact on some of the model's endogenous variables which act as 
targets to be achieved. 
The estimated coefficients are used for future simulation after 
incorporating the dummy variables' coefficient (whenever used) in the 
intercept. As an example, the energy demand equation (E) was 
simulated into the future as: 
Et - 13.11 + 0.0006 Yt -0.0350 Pt 
as shown in the following figure. 
11.10 
The policy variables that have been used to drive the simulation runs 
are: 
1. Export price of crude oil 
2. Depletion policy of crude oil 
3. Disposable income 
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4. Crude oil reserves 
5. Domestic energy prices 
6. The output of the industrial sector 
7. Population 
In the following, a brief discussion of the assumptions underlying 
the future path of the selected policy variables is presented. 
Exhort Price of Crude Oil 
As one of the competetive fringe, Egypt has no significant influence 
on world oil prices. Egyptian crude oil is marketed. in the "spot 
market" through a system of annual international bidding. A price is 
fixed for each type of crude oil on standard terms and conditions for 
all customers and the highest prices offered by tenderers are 
accepted. The prices so fixed remain in application for a period of 
three months and may be changed according to the world oil market 
circumstances. This flexible pricing policy was one of the main 
reasons behind the increase in Egypt's oil exports between 1982- 
1983, when excess supplies in the world oil market created a surplus 
and raised competition between producers inside and outside OPEC in 
selling their production. There is other point worth noting concerns 
the independency of the export pricing policy. The prices of 
Egyptian crude were raised four times in 1983 after the announcement 
by OPEC of reducing their crude prices by five dollars a barrel. 
During the period 1978-1984, crude oil export prices increased from 
11.89 dollars per barrel in 1978 to 21.47 $/b, 30.76 $/b, 31.50 S/b, 
21 $/b, 26.50 $/b and 26.55 $/b in 1984 respectively. In this study 
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no significant further increase is assumed due to the expected 
decrease in the development of the industrial world demand for crude 
oil from 3% in the first half of 1984 to 1.2% in the third quarter of 
1984, as announced by the IEA in its report in May 1984. A three 
price path of 2% (high), 1.5% (moderate) and 1% (low) is assumed. 
Depletion Policy of Crude Oil 
A depletion policy can be carried out in two ways (96): first, 
through direct cutbacks in the production from developed'oil fields; 
and second, through delayed authorization of additional development 
or vice versa. At the present, the emphasis of the Egyptian govern- 
ment, as the regulator of oil production rates, is to encourage 
exploration and development. Crude oil production in 1983 reached 36 
million tonnes, recording a level 4.8 times that of 1974 (7.5 million 
tonnes) and an increase of 9.3% over 1982 production as shown in 
Table (7.5). 
Despite the fact that total world production has been declining over 
the past four years, Egypt's production has been increasing steadily 
as Table (7.5) indicates. 
As the evidence points to the fact that Egypt is unlikely to impose 
production cutbacks and that it is inappropriate in the foreseeable 
fuiture to delay development, the depletion rate, as a controllable 
variable, is used in the simulations assuming three values, 5.4% 
(high), 3.0% (moderate) and 2% (low). 
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Table (7.5) 
The Growth of Crude Oil and Natural Gas Production Since 1980 
(in thousand tonnes) 
1980 1981 1982 1983 % Change 
Crude oil 29404 31756 32892 35957 + 9.3 
Natural gases 1616 1844 2023 2376 +17.4 
Condensates 310 323 343 374 + 9.0 
LPG 66 73 79 99 +25.3 
Total 31396 33996 35337 38806 + 9.3 
Source: EGPC - Annual Report 1983 
Disposable Income 
An attempt was made to incorporate disposable income (YD) in the 
simulation as an endogenous variable generated within the model 
through the identity: 
YD -Y - GR 
but the results were distorted. The reason is that (GR) equation 
included in the model is- not perfectly specified' due to the lack of 
data. High autocorrelation existing in the equation affects the 
calculation of (YD) as the error has been accumulated through time 
and consequently impairs the significance of disposable income. 
Consequently, (YD) was used through simulation runs, as an exogenous 
variable determined outside the model. This could be justified on 
the basis of two alternative assumptions: 
(i) Considering it a 'partial' policy variable which could be 
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controlled implicitly through changes in the tax system. 
(ii) Using it as an instrument to explore and measure the effect of a 
growing economy on the energy sector as the major contributor to 
the overall growth of the economy. 
In this study, (YD) is considered exogenous on ground of the second 
assumption. The growth rate scenarios for this variable are based on 
the target growth rate in The Development Plan (The Five Year Plan). 
The announced desired growth rates are modified in the light of the 
fact that they are normally optimistic and are not generally 
realized. Growth rates of 8% (high), 5% (moderate) and 3.5% (low) 
are assumed for disposable income. 
Crude Oil Reserves 
Crude oil reserves, as displayed in Appendix A, show a significant 
growth rate of 10., Z % over the sample period 1960-1980. It is worth 
is worth noting that this increase was realised despite the loss of 
the Sinai fields at the beginning of this period. The reason for 
this might be the intensive production from the existing fields to 
compensate for this loss, in addition to the regaining of the Sinai 
fields towards the end of the period. 
Generally, the figures show that the search and development of crude 
oil is an important target for the energy sector. This is normally 
done either through the search for new fields or the development of 
existing ones. The aim is to increase the production capacity and 
reserves of crude and gas to a level which permits the realisation of 
the 1987 target of 63 million tonnes. Assuming a decline in the 
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production of the existing fields which would be compensated for by 
several new discoveries, growth rates of 12% (high), 10% (moderate) 
and 8% (low) are assigned to the crude reserves. 
Domestic Energy Prices 
Energy prices in Egypt are not related to the economic value of 
energy. They are significantly below world prices and often below 
their cost of production. The petroleum prices which figure in 
Appendix A, portray the existing price structure of petroleum 
products which accounts for 82% of total energy consumption. The 
same problem characterises electricity prices where a disparity 
exists between the price of electricity and its cost of production; 
affecting the financial balance of the sector's units which become 
unable to self-finance its investments owing to the low profitability 
of its capital. This is besides the common consequence of such 
artificial low prices in enhancing more electricity consumption. 
The reasons and history of the subsidised energy prices in Egypt were 
explained in Chapter 3. It was made clear that although 
restructuring energy prices to approach world prices would (i) 
increase net petroleum revenues and make more funds available for 
development and growth, (ii) encourage conservation and therefore 
improve allocation efficiency and resource mobilisation, (iii) 
eliminate excessive domestic consumption and release more crude for 
export purposes, however raising domestic energy prices will 
unquestionably feed through to some extent into final commodity 
prices as well as adding to the rate of inflation in Egypt. The 
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point worth mentioning then, is that much of the gains realised from 
rising domestic prices would have to be respent on other subsidies to 
reduce the damaging impact on the economy. However, it is obvious 
that the longer a modified pricing policy is delayed, the further 
away the target price will be and the more difficult will be the 
adjustment. 
The proposed energy planning model is structured within the macro- 
economic needs, based on the strong role-the energy sector plays in 
the Egyptian economy. The energy pricing system is a major 
determinent of this role and affects the strength of the link between 
the sector and the economy. Therefore it is necessary to incorporate 
the energy price, as a policy variable in the simulation runs, in 
order to test the impacts of alternative energy policies for price 
restructuring on the economy as a whole and the energy sector's 
performance. 
The energy price index employed in the energy demand model as one of 
the explanatory variables, is used to reflect the general price index 
for fuel and electricity. Attempts were made to use separate 
equations for the demand for petroleum products and electricity, and 
to go for further disaggregation and use separate equations for the 
demand for each petroleum product and electricity using individual 
prices in each of these models as policy variables. This would have 
enabled the analysis of their individual price adjustment's impact 
according to their shares in total energy consumption. This was not 
possible with the difficulty found in specifying a significant demand 
equation for some petroleum products, such as fuel oil, gas oil and 
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diesel oil, employing their prices, owing to the lack of direct 
relation between their prices and changes in their consumption levels 
which was a reflection of factors other than price movements. 
Assuming that the energy price index (P*) reflects the domestically 
weighted average of the various energy forms (petroleum products and 
electricity), three growth rates, (high) 30%, (moderate) 15% and 
(low) 10%, are assigned to the price variable tested through 
simulation runs. 
In addition to these three policy scenarios, a reference or 
comparison scenario will be tested reflecting the consequences of 
maintaining the existing price index, where no price increase is 
assumed. The purpose of this is to structure a 'comparison case' 
against which the results of the other policy scenarios can be 
judged. This will identify the macroeconomic and energy indicators 
of the Egyptian economy which will be most affected by energy price 
changes. 
Population: 
Population is a key element in the development path of the country. 
Many of Egypt's requirements for the future stem from a spiralling 
population growth which threatens any development programmes by the 
stress it places on land use, urban growth and the need for 
industrial expansion to meet the basic economic needs of such a 
growing population. These needs are all translated into more energy 
use, particularly electricity. Growth rates of 2.5% (high), 2.2% 
(moderate) and 2.0% (low) are assumed for this policy variable, which 
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could be controlled by effective family planning programmes. 
Output of the Industrial Sector: 
The industrial sector is a major energy user. It accounts for nearly 
60% of the electric energy consumed. This share is expected to 
increase by 9% annually up to 1990, as a result of the vast 
industrial development. Table (7.6) reflects the development of the 
industrial sector's consumption of electricity. 
The share of the industrial sector in GDP at present is more than 30% 
and is expected to increase in the future with the diverse industrial 
base that is ageing rather rapidly. Based on the Five Year Plan, 
growth rates of 9.0% (high), 5.5% (moderate) and 4.0% (low) are 
assigned to this variable. 
Simulation Results*: 
Applying the assumed growth rates for the seven selected policy 
variables, Block (A) can be solved generating 243 simulations and 
Block (B) 9, simulations, which is far beyond the limits of this 
research. Twenty-three policy packages were used in the ex-ante 
foreccSt -" Their corresponding results are presented in Appendix B; 
only five of these are discussed and evaluated in this section. 
* The 'HASH' programme developed in Southampton University was used 
for ex-ante simulation (97). 
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Table (7.6) 
The Industrial Sector's Consumption of Electricity 
Consumption in 
Year Million K. W. h. 
1975 8294.0 
1976 9660.0 
1977 11430.0 
1978 12720.0 
1979 14540.0 
1980 16113.0 
The energy planning model provides the integrated description of the 
expected economic and energy environment in which the policies will 
operate, with each policy package representing a 'scenario' contain- 
ing a constructed set of assumptions about the policy variables. The 
selection of the scenario or policy finally recommended is based on 
its impact on six main economic and energy indicators: (i) the overal 
growth in aggregate income; '(ii) per capita income growth rate; (iii) 
growth rate in total investment; (iv) growth in investment in the 
non-energy sector; (v) growth in oil exports and (vi) the energy 
balance. 
The following are the five selected scenarios*: 
Scenario A: Low export price, high depletion, high growth, high 
domestic energy price. 
* The scenarios are based on assumptions set at the beginning of the 
planning period (1981) and maintained throughout the seven year 
period (1987). 
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Scenario B: Low export price, high depletion, high growth, moderate 
domestic energy price. 
Scenario C: Low export price, low depletion, low growth, low 
domestic energy price. 
Scenario D: High export price, low depletion, high growth. 
Scenario E: Moderate depletion, moderate growth. 
Scenario A: Low export price, high depletion, high growth, high 
domestic energy price. 
This scenario assumes a low growth rate of 1% for export prices of 
Egyptian crude oil, a high depletion rate of 5.4% for oil reserves, 
an adjustment in domestic energy prices of a 30% increase per annum, 
and a growing economy with an 8% growth rate. 
The set of assumptions underlying scenario A are made on the 
following grounds. It is believed that although a significant 
increase in oil prices is not expected, a fall in the real price of 
oil is also unlikely. This is based on two facts: the first is that 
the industrialised world has recovered from the recession and oil 
demand has proved to be far less elastic to price than was expected; 
and the second is that even if the real price of oil were to fall, 
consuming countries would accept a floor price for landed oil to 
protect their higher cost domestic crude and to promote more 
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development of energy alternatives. Therefore a low rate of increase 
in oil prices was assumed. In order to realise production 
objectives, meet future energy requirements and satisfy the economic 
and social development plans, a high depletion rate of oil reserves 
is assumed to complement the assumption of a fast growing economy and 
measure the effect of such high growth on the energy sector. A 
significant adjustment in domestic oil prices in the range of a 307. 
increase is assumed, to examine its implication on the overall 
performance of the economy and on the contribution of the energy 
sector. 
The simulation of this scenario generates a growth rate in the Gross 
Domestic Product (GDP) of 7.6% with per capita income increasing by 
5.8% annually; which figures are both nearly the same as specified in 
the Five Year Plan (1983-1987). With the assumed shock in domestic 
energy prices, demand levels are falling by the final year of the 
planning period to 7.561 million metric tonnes, realising a declining 
rate of 15% (instead of the 10% assumed increase in energy 
consumption in the government's Five Year Plan). The decline in the 
energy demand level was reflected in a low growth rate of 0.3% for 
oil production which is determined basically by the domestic energy 
requirements (E) as appears in the model. The assumed high growth in 
the industrial sector's output and population generates an 8.9% 
increase in the expected electricity supply (35055 M. K. Wh. ). 
Therefore, a surplus of 33.123 million tonnes of oil is realised in 
the energy balance*. The realised surplus generates a 5.1% annual 
* The constructed energy balance for this scenario is reported as an 
example in Appendix B with the simulation results. 
6 
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growth in oil export values; and therefore is reflected in a high 
growth rate of 16.3% per annum in total investment which would 
account for 35% of GDP in 1987, with a 4% annual growth rate in 
investment in the non-oil sectors. 
Scenario B: Low export price, high depletion, high growth, moderate 
domestic energy price. 
The assumptions which drive this scenario are the same as in scenario 
A: a low growth rate of 1% in export prices of crude oil, a high 
depletion rate of 5.4%, and a high growth rate of 8% for the economy, 
except for the domestic energy price, which assumes a relatively 
moderate growth rate of 15% adopting a more realistic adjustment 
path. The moderate price assumption accounts for the drawbacks 
associated with the sudden significant increases in energy prices 
assumed in Scenario A and reflected in low growth rates in oil 
production. 
The economic indicators realised nearly the same growth as in 
scenario A. Growth rates of 7.3%, 6.0% and 10% are generated for 
GDP, GDP per capita and total investment respectively. The moderate 
increase in domestic energy prices affected the energy consumption 
level and raised it to 22.284 million tonnes in 1978 realising an 
annual growth of nearly 1%, which was consequently reflected in an 
increase of 7.1% per annum in oil production. -:, The assumed high 
industrial growth increased the required electricity supply to 34606 
M. K. Wh. in 1978 with an annual growth of 8.7%. A , surplus of 34.348 
million tonnes appeared in the energy balance in spite of the higher 
energy consumption levels which were offset by higher oil production 
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levels. The scenario generated lower growth rates in oil exports and 
investment in non-energy sectors of 1.2% and 0.9% respectively. 
Scenario C: Low export price, low depletion, low growth, low 
domestic energy price. 
In this scenario the export price of crude oil is assumed to grow by 
only 1%. A low growth rate of 3.5% in disposable income is assumed. 
Allowing for the fact that oil and gas reserves are depletable and 
that increasing the reserves by enhanced recovery methods will entail 
higher costs, and accounting for the fact that the possibilities of 
creating new reserves are now less likely with the giant oilfields 
being already discovered, a low depletion rate of 2% is assumed. The 
domestic energy price assumes a slower adjustment to world prices, 
with a growth rate of only 10%. 
These assumptions maintained throughout the planning period generated 
lower annual growth rates in GDP and GDP per capita of 2.9% and 1.4% 
respectively, besides a lower growth of 6.8% per annum in total 
investment. Energy demand is projected to reach 20.531 million 
tonnes. Oil production was also reduced to only 37.209 million 
tonnes reflecting the low energy consumption levels and the restrict- 
ing depletion policy assumed. As the industrial sector's output is 
assigned a low growth rate of only 4%, electricity supply was 
projected to be 27330 M. K. Wh. Therefore a surplus energy balance of 
23.511 million tonnes appeared, thus limiting the annual growth rates 
in oil exports and investment in the non-energy sectors to 1.2% and 
1.5% respectively. 
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Scenario D: High export price, high depletion, high growth. 
The possibility of no price adjustment within the planning period up 
to 1987 is introduced in this scenario. Domestic energy prices were 
assumed to continue to maintain their current highly subsidised 
level. A zero growth rate is assigned to the domestic energy 
prices, with a high growth rate of 2% in oil export prices, together 
with a high depletion policy of 5.4% and an assumption of a fast 
growing economy with an 8% annual growth rate. 
The simulation results reported a significant growth rate of 7.3% and 
6.1% for GDP and GDP per capita respectively together with a high 
growth of 10% per annum in investment. This is not surprising in 
spite of the "no change in domestic prices" assumed. The high growth 
rate in oil export prices accompanied by the assumed high depletion 
policy offset the effect of maintaining the same subsidised domestic 
price. A projected energy demand level of 27.540 million tonnes 
confirms the common effect of the highly subsidised prices in 
enhancing waste and higher consumption. This in turn was reflected 
in higher oil production levels reaching 52.972 million tonnes to 
satisfy the growing demand, especially with the assuming high 
depletion policy. The assumed 9.57. growth in industrial production 
pushed the projected electricity supply to 34606 M. K. Wh. and 
therefore generated an energy balance surplus of 34.084 million 
tonnes. 
Scenario E: Moderate depletion, moderate growth. 
Relatively pessimistic expectations are assumed in this scenario. A 
moderate annual growth rates of 3% and 5% are assumed for depletion 
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policy and disposable income, on the grounds that the government's 
desired goals are normally very optimistic and unlikely to be 
achieved, which make a moderate growth rate most probable especially 
with the great uncertainty characterising the world industrial 
markets in general and the economic, social and political stability 
of Egypt in particular. This scenario goes further in expecting the 
worst and assumes no growth at all in oil export prices and a contin- 
uation of the prevailing highly subsidised domestic energy prices. 
These assumptions were reflected in a slower growth rate of 4.2% and 
2.6% in GDP and GDP per capita annually, with a moderate growth of 
7.7% in total investment. The zero growth assumed for the two price 
variables driving the simulation, i. e. export and domestic prices, 
were reflected in a negative growth rate of -0.8% and -0.6% in oil 
export value and investment in non-energy sectors. This was a feed- 
back of a high energy consumption level of 24.490 million tonnes and 
consequently a 44.202 million tonnes projection of oil production. 
With a moderate growth rate of 5% for the industrial sector, 
electricity supply was projected to be in the range of 28537 M. K. Wh., 
therefore generating a surplus energy balance of only 26.846 million 
tonnes. 
The main objective of the simulation and scenario analysis was to 
test different energy policies generated by the energy planning model 
using alternative future growth paths for its controllable policy 
variables. The essential key variables in drived the scenarios were 
the price variables; either the export prices of crude oil, or more 
importantly, the domestic energy price. The aim was to test the 
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implications of an energy price adjustment on the major economic 
indicators, in order to define the aspects which would be most 
affected by the adjustment and measure their impact on energy 
planning. 
As for energy demand projections, the high increase in domestic 
prices of 30%* showed an immediate response on projected energy 
demand level by reducing it to only 18% of total energy production, a 
level which is far lower than had been projected for Egypt in several 
reports. The Five Year Plan projects an energy consumption level of 
25.462 million tonnes in 1987, assuming the continuity of the 
prevailing energy price structure or at the most a very slight 
gradual increase. In fact, a comparison between the two consumption 
projections explains the role commonly played by price in rationaliz- 
ing the consumption of a commodity. Assuming moderate or low price 
adjustments, the projected energy demand level converged to the 
announced figures in the government plan. The moderate and low 
energy price scenarios generated a level of 22.284 and 20.531 million 
tonnes of energy consumption respectively which comes very close to 
the 25.462 million tonnes reported in the Five Year Plan. The 
assumption of a "no price increase" implemented in scenarios D and E 
raised the projected consumption level to the planned figure of 25 
million tonnes or even more, reaching 28 million tonnes in scenario 
D. 
* The same increase is suggested in the (PIADA) report (98) to move 
domestic energy prices to world prices by 1990. - 
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The resulted trends in the energy supply projections were a 
reflection of: (i) the energy demand level, which appeared in the 
supply equation as the dominant variable influencing energy supply; 
(ii) the assumed growth in the industrial sector's output which 
determined electricity projections, and (iii) the depletion policy 
assumed in each scenario. The Five Year Plan projects 63 million 
tonnes of oil production in 1987: 50 million tonnes of crude oil and 
13 million tonnes of natural gas*, this in addition to 29249 M. K. Wh. 
of electricity supply. Scenarios (B), (D) and (E) generated oil 
production levels of 47.980,52.972 and 44.202 million tonnes 
respectively, which is nearly identical to the government projection, 
especially with the high depletion policy which allowed for higher 
production levels. The lower energy consumption level projected in 
scenarios (A) and (C) as a consequence of higher energy prices in the 
first, and lower depletion policy and economic growth in the second, 
affected the level of oil production and restricted it to a range of 
31-37 million tonnes. Electricity supply' projections converge in 
almost all scenarios to the 29249 M. K. Wh. assumed in the Five Year 
Plan. Going back to the validation stage of the energy model, 
electricity supply equation (Block B) show an excellent forecasting 
power of less than 1 (MAPE) indicating a satisfactory specification. 
With the high growth rate of 9.5% in the industrial sector's output 
the projected electricity supply in 1987 reaches nearly 35000 M. K. Wh. 
* Natural gas is not included in this study owing to the short data 
available for its consumption and production which started 1975. 
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Conclusion: 
The above analysis shows that a fast growing economy with an 8% 
growth rate of disposable income and 9.5% growth in the industrial 
sector would require a high 5.4% depletion policy of crude oil 
reserves assisted by a high growth of 12% in oil reserves, either by 
more development of existing fields or an expanded concession policy 
for new discoveries. This policy will generate the desired 8% growth 
in GDP and a high growth of 10% in total investment incorporcýting a 
1% annual growth in the non-energy sector's investment. A key 
element in achieving these desired goals within the planning period 
up to 1987 is the restructuring of the energy pricing system to move 
towards world energy prices. This policy would generate an energy 
demand level of 22 million tonnes in 1987 met by 48 million tonnes of 
crude oil production and 35000 M. K. Wh. electricity thus realising 
34.348 million tonnes of oil surplus for export. 
The previous brief discussion of some selected scenarios and the 
recommended energy plans, although provides some broad policy 
conclusions, must be interpreted with a great deal of caution. The 
proposed energy planning model as presented in the specification and 
estimation form is simple in its structure and accounts for the 
limited data available for such a study on Egypt. Many variables, 
such as the export price of crude oil, have been dropped or treated 
exogenously in spite of their endogenous nature. Other specific- 
ations were simplified to account for the data problems and to 
capture the main essence of the relationship between an endogenous 
variable and the variables explaining its behaviour. An example is 
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the import equation and the oil export equation. These problems were 
behind the large percentage error which appeared to be associated 
with some variables in the evaluation tests of the energy planning 
model. With all these drawbacks, the forecasting performance of the 
model, even in the ex-ante simulation where the events have not yet 
occurred, proved to be reasonably good and consistent with the 
officially announced projections and therefore could be used in 
drawing broad policy conclusions. 
CONCLUSIONS AND SUGGESTED AREAS FOR FURTHER RESEARCH 
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CONCLUSIONS AND SUGGESTED AREAS FOR FURTHER RESEARCH 
Introduction: 
The major objective of this study is to describe alternative energy 
plans for the Egyptian energy sector, and then recommend a plan which 
seems to account best for the critical role played by this sector in 
the recent history of the development of the economy and reflects the 
inter-action and feedback between the energy sector and the Egyptian 
economy. To achieve this, the study was designed to incorporate four 
major phases. 
The first comprises a broad background where the energy problem for 
developing countries in general and non-OPEC developing countries in 
particular are introduced as the background for the energy problem in 
Egypt as one of these non-OPEC developing countries. This besides 
reviewing different energy models-to clarify alternative techniques 
employed in modelling the different aspects of the energy market. It 
was concluded that the energy problem in developing countries is 
mainly a "demand management problem" centered around how to satisfy 
the demand requirements with limited available finance in the case of 
non-OPEC importing developing countries, and how to project energy 
demand and rationalize its use to release more crude oil for export 
and help inject more revenue into the economy, in the case of 
non-OPEC exporting developing countries, of which Egypt is an 
example. The survey of the modelling efforts in developing countries 
points to the unique area to which it is applied, namely demand 
projections. The general survey of energy modelling techniques 
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provides a wider scale for energy modelling and illustrates 
alternative techniques and methodologies which could be used in 
handling more than the demand aspect of the energy problem. The 
question was how could the known integrated detailed methodologies 
applied to the energy system as a whole in the case of Egypt? 
The second phase was structured to provide the appropriate answer to 
this question. It provided a more detailed description of the case 
of Egypt by highlighting the energy-economy relationship in general 
and its application to Egypt, ending with a further detailed analysis 
on the energy aspect in Egypt: demand patterns, supply availability, 
and the critical issue of the energy pricing structure. The main 
findings' were that a two-way causation between the energy sector and 
the Egyptian economy exists, and the feedback relation runs not only 
from the economy to the energy sector but also, and significantly, 
from the sector to the economy. As for the energy situation in 
Egypt, the analysis pointed to three alarming facts: (i) the increas- 
ing growth in energy consumption towards more expensive energy forms; 
(ii) the limited supply availabilities which should not be expected 
to exist for long; and (iii) the exaggerated subsidy in energy prices 
which impairs the energy sector's revenues. through enhanced 
consumption levels and reduced export capacity. Again, the question 
arose that, given the interaction between the energy sector and the 
Egyptian economy, how could a plan be set for the sector in a way 
which reflects this interaction and does not plan for the sector in 
isolation from the economy, and guarantees the energy required for 
development and growth within the supply availabilities? 
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In the third phase of the study the suggested planning model was 
introduced. The energy planning model was structured to consist of 
three blocks: the macroeconomy model, the energy demand model, and 
the energy supply model. Each was specified and estimated separately 
using different theoretical underpinnings. The final form of the 
three blocks of models was integrated in an energy planning model 
with its components' feeding back to each other, and operating 
together to achieve the macroeconomic requirements and the energy 
needs with the available supply in a way which guarantee the 
continuous contribution of the sector to the country's development 
and growth; not through fast exhaustion of the resources for the sake 
of present revenue but through recycling these revenues to the 
non-energy sectors which when developed, could lead to the economy's 
growth and development. To use the energy planning model in testing 
alternative energy plans or strategies, a validation of the model was 
required to ensure that the model could be used for the purpose for 
which it is constructed, namely, energy planning. 
In the final phase, the validation and forecasting were carried out. 
A dynamic simulation technique was used for both evaluation and 
forecasting purposes. For evaluation, the model was subjected to two 
tests: (i) to examine its forecasting accuracy within the sample 
period (1960-1980); and (ii) to test its accuracy beyond the sample 
period (1981,1982). The model in general passes both tests, 
although very few of its components was insignificant due to the 
quality of the data used. The inaccuracy existing in the available 
data and therefore the simple specification of some of its equations, 
ignored important-aspects which were difficult to incorporate due to 
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unavailability of data. 'The conclusion was that the model in general 
is suitable for forecasting purposes. A set of scenarios were 
constructed as alternative policies by assigning different growth 
rates to the model's exogenous, controllable variables, resulted in 
different energy planning policies for the sector. The structure of 
the model incorporating the macroeconomic aspects, allowed for the 
inter-action between the energy sector and the Egyptian economy to 
feedback in the suggested energy plan recommended by each scenario. 
The impacts of each scenario on major economic indicators and their 
target growth rate, as reported in the government announced Five Year 
Plan, were the measure of preference and priorities between the 
suggested plans and helps to suggest the appropriate energy plan up 
to the year 1987. 
The Main Findings: 
The dynamic simulation forecasts confirmed the importance of the 
energy pricing issues as the main driving factor in any planning 
effort for the sector. A moderate increase of 15% in domestic prices 
restricts the projected energy demand level and reduces it even less 
than the government's forecasts according to the depletion policy 
associated with the price assumption. Applying a moderate depletion 
policy with a moderate domestic price increase reduces energy 
consumption levels to 19 million tonnes (Scenario 5). Combining the 
suggested moderate domestic price increased and a low depletion 
policy resulted in a lower consumption level of 18 million tonnes 
(Scenario 18). In both cases the restricted consumption levels 
allows higher growth rates in oil exports, and, therefore, in 
investment in non-energy sectors. 
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A low increase of 10% in domestic energy prices allowed for energy 
consumption levels in 1987 to be close to the government's projec- 
tions which are based on the assumption of 'no price increase', or at 
the most a very slight gradual increase over a long period. Mixing 
this assumption with a low or moderate depletion policy affects the 
annual growth rates in oil exports and investment in non-energy 
sectors downwards to the levels of approximately 0.2 and 0.3 
respectively, depending on the increase assumed in oil export prices. 
With 'no price increase' assumed in both domestic energy prices and 
oil export prices, a negative annual growth rate in both oil exports 
and investment in non-energy sectors was projected. On the other 
hand, a high increase of 30% in domestic prices restricted energy 
consumption to an unrealistic level of 3 million 'tonnes, with a low 
depletion policy and to only 7 million tonnes even with a high 
depletion policy. This was reflected significantly in a lower 
overall economic growth rate of 3.4% in the case of a low depletion 
policy, although a higher annual growth rate was projected in oil 
exports and investment in non-energy sectors. 
In fact the domestic price assumptions, together with both the 
depletion policy and the expected increase in export prices, prove to 
be the major influencial elements in setting a future plan for the 
energy sector. While depletion policy and the domestic price of 
energy are absolutely controllable, the export price of crude oil is 
only partially controllable, as it has to be within the general trend 
of world prices. Therefore the actual two controllable variables in 
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the model which affected the energy plan were the depletion policy 
and the domestic energy price. An energy policy which accounts for 
the economy's energy requirements, allows for more development in 
non-energy sectors and leads to the future growth and development of 
the whole economy, has to be based on a moderate increase in the 
domestic oil price associated with a moderate or high depletion 
policy and high development in crude oil reserves. This policy would 
be translated into an energy consumption level of around 20-22 
million tonnes in 1978, with crude oil production approaching 48 
million tonnes, associated with 34000 M. K. Wh. of electricity supply, 
hence generating a surplus of around 34 million tonnes for export 
purposes in 1987. 
Areas for Further Research: 
The major extension of this study is on the empirical side through 
improving the modelling framework of setting a plan for the energy 
sector within its inter-action and feedback to the economy. It 
should be stressed that the reason why the energy model's results 
have to be interpreted with caution was mainly data limitations which 
affected both its specification, by simplifying some of its 
functions, and its estimation by using a relatively, small sample. 
Therefore, as and when new and reliable data- become available with 
the necessary deflators and indexes required, the model could be 
re-specified and re-estimated to improve its results and generate 
more reliable forecasts. 
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In addition, with the availability of more detailed, disaggregated 
reliable data, work on some other areas could be fruitful in the 
energy planning area: 
(i) Subsidies in Energy Prices: The local domestic energy price 
charged to consumers in Egypt proves to be a major factor influencing 
any energy plan owing to its two critical side effects on the economy 
in general and the energy sector in particular. These effects appear 
in the financial subsidies which exhausts the country's limited 
finance, and the significant opportunity costs in terms of foregone 
oil revenues. The simulation results confirmed this fact and 
highlight the pressing need for an energy price restructured if an 
effective plan is required for the energy sector. In this study a 
percentage increase was assumed just to test its implications on some 
major economic indicators, but a detailed analysis of the impact of 
an energy price restructuring in Egypt is extremely important. These 
impacts should be analysed as reflected in the overall growth rate of 
the economy, macroeconomic implications, and on cost structures and 
internal commodity pricing, microeconomic implications. 
(ii) The Energy-Economy Interaction: In this study the interaction 
between the energy sector and the Egyptian economy was implicitly 
assumed and confirmed through a simple causality- test and a 
statistical analysis of the sector's financial contribution to the 
national economy. A more sophisticated analysis of such inter- 
action would be very useful for energy and economic planning. A 
model could be designed to estimate the extent of a two-way linkage 
between the energy sector and the balance of the Egyptian- economy 
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through: (a) an inter-industry transaction model which would provide 
a flexible, inter-industry representation of sectoral production and 
final demand categories; and (b) a detailed input-output model of the 
structure of the Egyptian economy portraying the outputs of the 
conventional energy supply and conversion sectors into non-substitut- 
able energy service demands for each inter-industry sector and final 
demand. 
(iii) Energy Demand Management: The effective management of energy 
demand is an integral part of energy planning if the energy that 
could be saved is considered as energy produced in the country. 
Although energy demand. is incorporated in this study, and the 
seriousness of its increasing growth rate was emphasized in the 
theoretical part and through the simulation runs, no*attempt was made 
to explain how it could be rationalized except through explaining the 
effect of an energy price restructuring on consumption levels. 
Energy demand could be reduced simply by reducing the rate of 
economic growth which is not a desired goal for any economy particul- 
arly Egypt, and in this phase of its development. Energy demand 
management implies eliminating the waste of energy and ensuring that 
energy is used in the most economic way. Energy use in Egypt 
incorporates a hugh amount of waste owing to the incorrect pricing 
system as well as many economic, social and psychological factors. 
Although Egypt does not import its energy needs, energy demand 
management is essential if the financial burden of subsidising energy 
prices is to be eased and more oil be released for export. 
(iv) Sectoral Energy Demand Models: Sectoral energy demand was 
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covered in this study just to give a primary indication of the demand 
patterns in each sector, as very short time series were available 
(1975-1980). The analysis of energy demand in Egypt using a 'bottom 
up' sectoral approach is very important. During the last ten years 
the Egyptian economy has experienced a significant structural change 
which was reflected in the activity level of each sector and hence 
its energy consumption. The components of GDP as economic indicators 
of the overall activities in the economy were used in this study but 
applied to a 'top down' aggregate energy demand function. It is not 
an easy task to elicit the implications of sectoral shifts without 
going directly into estimating sectoral demand which reflects the 
structure of the aggregate energy demand in Egypt and helps to 
generate more accurate forecasts of future levels according to the 
expected growth in each sector, in order to determine the uses which 
would require demand management. If the required sectoral data were 
available, an input-output methodology could be employed, providing 
greater sectoral details. 
(v) Optimization of the Energy System: Dynamic simulation was used 
in this work as a framework to integrate the sub-models comprising 
the energy planning model and examine alternative energy policies. 
The same structure of the models could be applied within an 
optimization framework. The optimization energy model would 
establish the optimum strategy under certain considerations such as 
demand needs, supply availabilities, export requirements, etc. In 
other words, the objective will not be the effect of certain 
strategy, as employed in this study, but the determination of those 
very strategies. 
APPENDIX A 
INPUT DATA 
GROSS DOMESTIC PRODUCTS IN MILLION EGYPTIAN POUNDS 
(Current Prices) 
Year Year 
1957 1160.0 1969 2971.3 
1958 1225.5 1970 3145.5 
1959 1314.0 1971 3336.7 
1960 1456.2 1972 3417.0 
1961 1513.4 1973 3971.1 
1962 1684.8 1974 4441.9 
1963 1890.3 1975 5246.6 
1964 2213.5 1976 6704.6 
1965 2402.9 1977 8209.9 
1966 2480.7 1978 9782.4 
1967 2533.0 1979 12474.6 
1968 2688.3 1980 16623.0 
Source: UN Yearbook of National Account Statistics 
1968 - 1975 1980 
Note : The Egyptian pound = 100 Piastre 
1000 Milleim 
-DISCOUNT RATE INDEX NUMBER 
(1975 = 100) 
Year Year 
1960 3.0 1971 5.0 
1961 3.0 1972 5.0 
1962 5.0 1973 5.0 
1963 5.0 1974 5.0 
1964 5.0 1975 5.0 
1965 5.0 1976 6.0 
1966 5.0 1977 7.0 
1967 5.0 1978 8.0 
1968 5.0 1979 9.0 
1969 5.0 1980 11.0 
1970 5.0 
Source: IFS Yearbook 1982 
GOVERNMENT FINAL CONSUMPTION EXPENDITURE IN MILLION £. E 
(Current Prices) 
Year Year 
1960 255.9 1971 883.1 
1961 247.1 1972 905.0 
1962 318.2 1973 974.5 
1963 401.8 1974 1117.3 
1964 437.4 1975 1344.1 
1965 481.9 1976 1505.7 
1966 488.4 1977 1696.8 
1967 562.4 1978 1840.6 
1968 644.6 1979 2058.7 
1969 717.0 1980 2826.0 
1970 794.2 1981 3630.0 
Sources: 1. UN Yearbook of National account 
statistics 1968 1975 1980 
2. IFS Yearbook 1983 
ft 
GOVERNMENT REVENUES IN MILLION £. E 
(Current Prices), 
Year Year 
1960 291.5 1971 1055.2 
1961 333.8 1972 1280.5 
1962 379.6 1973 1831.9 
1963 464.8 1974 2254.3 
1964 535.5 1975 2348.1 
1965 641.0 1976 2505.6 
1966 658.0 1977 3179.5 
1967 711.1 1978 4318.7 
1968 787.5 1979 6300.0 
1969 916.1 1980 8700.0 
1970 989.9 
Source" Ministry of Planning - CAIRO Department of 
National Accounts 
DIRECT AND INDIRECT TAX IN MILLION £. E 
(Current prices) 
Year Direct Tax Indirect Tax 
1961 86.4 135.5 
1962 100.0 181.4 
1963 100.9 219.9 
1964 131.1 264.7 
1965 146.6 282.3 
1966 144.5 373.3 
1967 169.4 399.0 
1968 176.5 397.5 
1969 199.7 375.4 
1970 255.2 442.2 
1971 236.5 448.4 
1972 262.0 493.7 
1973 257.5 574.7 
1974 313.2 662.5 
1975 394.5 807.4 
1976 499.4 967.7 
1977 601.6 1196.6 
1978 739.8 1396.8 
1979 951.7 1784.2 
1980 1845.7 2621.4 
Source: Ministry of Planning - CAIRO Department of National 
Accounts. 
TOTAL INVESTMENT EXPENDITURE IN MILLION £. E 
(Current Prices) 
Year Year 
1960 225.6 1971 420.4 
1961 251.1 1972 467.0 
1962 299.6 1973 698.7 
1963 372.4 1974 970.1 
1964 381.7 1975 1723.8 
1965 446.2 1976 1888.9 
1966 385.6 1977 2398.8 
1967 342.2 1978 3033.9 
1968 318.3 1979 3795.6 
1969 416.1 1980 4173.0 
1970 437.0 1981 5150.0 
Sources: 1. UN Yearbook of National Account 
statistics 1968 - 1975 1980 Vol 1 
2. IFS 1983 Volume XXXVI No 1 
Note : The data is calculated as the sum of 
increase in stocks and Gross fixed 
capital formation 
NATIONAL DISPOSABLE INCOME IN MILLION £. E 
(Current Prices) 
Year Year 
1960 1462.4 1971 3403.2 
1961 1513.2 1972 3534.0 
1962 1684.2 1973 14187.14 
1963 1885.5 1974 4801.1 
1964 2195.1 1975 5644.4 
1965 2388.4 1976 7110.6 
1966 2489.5 1977 8806.7 
1967 2595.2 1978 10926.8 
1968 2784.8 1979 13404.4 
1969 3071.7 1980 18321.6 
1970 3209.2 
Source: UN National Account Statistics 1975 
TOTAL INVESTMENTS IN ECONOMIC SECTORS IN MILLION £. E 
(Current Prices) 
Agriculture Industry Construction Transportation 
1960 25.3 49.3 - 35.8 
1961 21.4 67.8 - 74.8 
1962 37.5 50.3 - 71.2 
1963 49.8 80.5 3.5 53.8 
1964 67.3 105.4 4.5 45.1 
1965 70.4 99.9 5.2 49.3 
1966 63.3 100.6 6.8 53.1 
1967 65.7 98.4 3.9 46.1 
1968 50.0 85.8 1.0 38.3 
1969 25.6 101.1 2.6 69.5 
1970 27.0 123.1 3.4 71.4 
1971 27.9 125.7 8.9 81.2 
1972 22.3 145.4 5.5 79.6 
1973 57.6 154.3 5.0 123.0 
1974 54.2 193.2 10.6 190.0 
1975 94.6 286.8 30.6 383.5 
1976 98.5 378.7 80.3 372.9 
1977 146.4 561.0 48.4 443.3 
1978 191.3 765.0 132.3 691.8 
1979 258.0 1010.2 160.3 903.5 
1980 349.2 1261.8 130.3 980.0 
1981 543.4 1120.4 84.8 912.9 
Source: Central Agency for Public Mobilisation and Statistics (CAPMS) 
Several Issues. 
EXPORTS OF GOODS AND SERVICES IN MILLION £. E 
(Current Prices) 
Year Year 
1960 280.4+ 1971 451.9 
1961 239.0 1972 457.0 
1962 316.7 1973 541.0 
1963 358.5 1974 905.0 
1964 411.4 1975 946.1 
1965 409.4 1976 1151.0 
1966 429.1 1977 1772.5 
1967 309.9 1978 1945.0 
1968 379.9 1979 3251.6 
1969 425.4 1980 5285.0 
1970 442.1 1981 5411.0 
Sources: 1. UN Yearbook of National Account 
Statistics 1968 1975 1980 
2. IFS Yearbook 1983 
` OIL EXPORTS IN MILLION £. E 
(Current Prices) 
Year Year 
1960 5.1 1971 29.0 
1961 6.1 1972 18.0 
1962 9.7 1973 25.0 
1963 17.7 1974 73.0 
1964 21.6 1975 124.0 
1965 21.3 1976 252.0 
1966 14.5 1977 284.0 
1967 14.8 1978 372.0 
1968 6.9 1979 1341.0 
1969 9.1 1980 2145.0 
1970 31.0 1981 
Sources: 1. S. N. C. Statistical Book 1982 
2. EGPA Annual Report 1980 
Note :- Oil export data from 1960 - 1969 were calculated 
from SNC report as the sum of: value of crude 
oil exports and value of petroleum product exports 
- Data from 1970 - 1980 were calculated from the EGPA 
reports as the sum of: crude oil exports, recovered 
oil from the foreign partner's expenses share, 
petroleum products exports, bunkers operations, the 
'Somad' line services and others. The noticed 
difference in the figures between the two periods, 
1960 - 1969 and 1970 - 1980 is not due to the use 
of two series as: 
NON-OIL EXPORTS IN MILLION £. E 
(Current Prices) 
Year Year 
1960 275.3 1970 411.1 
1961 232.9 1971 422.9 
1962 307.0 1972 439.0 
1963 340.8 1973 516.0 
1964 389.8 1974 832.0 
1965 388.1 1975 822.1 
1966 407.8 1976 899.0 
1967 295.1 1977 1488.5 
1968 373.0 1978 1573.0 
1969 416.3 1979 1910.6 
1980 3140.0 
Source: Calculated as a Residual between the value of 
total Exports of Goods and Services and Oil 
Exports. 
1. The increase in oil exports value after 1970 is a 
natural result of the increase in oil prices which 
occured during this period. 
2. The different base in calculating the data could 
be ignored on the grounds that: 
a) From 1960 - 1967/68 there was no foreign partner. 
b) Bunkers operations during this period were mainly 
o) The "Somad" line was not existing. 
IMPORTS OF GOODS AND SERVICES IN MILLION £. E 
(Current Prices) 
Year Year 
1960 299.0 1971 624.6 
1961 325.3 1972 649.0 
1962 420.5 1973 725.9 
1963 491.7 1974 1390.2 
1964 467.5 1975 1886.3 
1965 531.5 1976 1871.8 
1966 452.8 1977 2575.1 
1967 443.4 1978 3315.5 
1968 445.5 1979 5254.1 
1969 547.0 1980 7281.0 
1970 599.9 1981 8015.0 
Sources: 1. UN Yearbook of National Account Statistics 
1968 - 1975 1980 
2. IFS Yearbook 1983 
CONSUMER PRICE INDEX 
(1975 = 100) 
Year Year 
1960 55.0 1971 77.2 
1961 55.4 1972 78.8 
1962 53.8 1973 82.2 
1963 54.2 1974 91.1 
1964 56.1 1975 100.0 
1965 64.5 1976 110.3 
1966 70.3 1977 124.3 
1967 70.8 1978 138.1 
1968 69.8 1979 151.8 
1969 72.1 1980 183.1 
1970 74.9 1981 202.3 
Source: IFS Yearbook 1982- 
EGYPTIAN CRUDE OIL PRODUCTION 
(Thousand Metric Tonne) 
BALAEME GHAREB MOURGAN 
Year BLEND BLEND BLEND 
1960 1536 - - 
1961 - - - 
1962 - - - 
1963 - - - 
1964 - - - 
1965 4560 436 - 
1966 - - - 
1967 - - - 
1968 - - - 
1969 - - - 
1970 - 298 13446 
1971 - 393 12201 
1972 - 468 7978 
1973 - 398 5004 
1974 - 480 3261 
1975 - 502 4386 
1976 27.296 428 4503 
1977 30.884 385 3940 
1978 61.438 381 3600 
1979 105.729 389 4480 
1980 151.179 374 6425 
Source: EGPA Official Reports. 
OIL EXPORTS IN MILLION METRIC TONNES 
Crude Oil Petroleum Products Bunkers Total 
Year Exports Exports Operations Exports 
1960 0.868 0.166 0.367 1.401 
1961 1.810 0.088 0.652 2.55 
1962 2.848 0.461 0.842 4.151 
1963 3.441 0.772 0.692 4.905 
1964 3.030 1.348 0.758 5.136 
1965 1.618 1.938 0.843 4.399 
1966 1.534 1.315 0.941 3.790 
1967 1.300 0.715 0.550 2.565 
1968 3.400 0.531 0.132 4.063 
1969 9.700 0.057 0.090 9.8147 
1970 12.900 0.033 0.082 13.015 
1971 10.500 0.029 0.084 10.613 
1972 5.225 0.266 0.125 5.616 
1973 4.500 0.169 0.070 4.739 
19714 2.320 0.648 0.080 3.048 
1975 - - 
1976 6.700 1.053 0.860 8.613 
1977 3.991 1.010 0.987 5.988 
1978 4.270 1.137 1.122 6.529 
1980 5.800 1.250 1.350 8.400 
Source: UN Yearbook of World Energy statistics 1950 - 1974 1980 
EXPORT PRICES OF EGYPTIAN CRUDE OIL IN C. E. MILLEIM/TONNE 
(Current Prices) 
Year 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
Simple Average 
Price 
3.178 
3.306 
4.064 
4.098 
4.042 
4.420 
4.106 
4.020 
4.207 
Average Real 
Price 
3.640 
2.392 
2.337 
3.609 
4.206 
4.842 
3.826 
5.770 
1.698 
Average Weighted 
Price 
3.178 
3.306 
4.064 
4.098 
4.042 
5.057 
4.106 
4.020 
4.207 
1969 4.075 0.924 4.075 
1970 3.587 2.382 3.575 
1971 3.712 2.732 3.544 
1972 3.947 3.205 3.873 
1973 4.775 5.275 5.267 
1974 21.667 23.950 18.794 
1975 25.737 23.696 26.099 
1976 28.272 29.258 29.186 
1977 30.746 47.428 32.007 
1978 60.713 56.977 66.662 
1979 105.117 176.610 114.371 
1980 150.487 255.357 162.899 
Source: EGPA Official Reports 
Notes: - No data were available for the export prices of egyptian 
crude oil. Three export prices were-calculated using the data 
available for the production and export-price of different crude 
I. .... 
oil blends. Each of the prices were used in the oil export equation 
to select the price which gives the best statistical results. 
- The simple average price was calculated as 
P J0 Pij/nj I 
where: pij : export price of blend im year j 
nj: number of blends produced in year J. 
Data from 1971 - 1980 was available in dollar per barrel. It 
was converted to Milleum-Pound per tonne using: 
The conversion factor :1 Tonne = 6.9 barrel and 
The exchange rate : 0.4 up to 1978 
between dollar - pound : 0.7 1978 onwards 
For example: The average export price of 1971 was calculated as: 
Mourgan blend = 1.28 x 6.9 = 8.832 $/tonne 
8.832 x 0.4 = 3.533 £. E/tonne 
Ghareb blend = 1.41 x 6.9 = 9.729 $/tonne 
9.729 x 0.4 = 3.892 £E/tonne 
The average export = (3.533 + 3.892)/2 = 3.7/2 £. E/tonne 
The average Real Price was calculated simply by dividing: 
Value of oil exports / volume of oil exports 
(in Million £. E) (in million) 
For example: Average Real Price of oil exports in 1960 was 
calculated as: 5.1 - 1.401 = 3.640 £. E/tonne. 
The Average weighted Price (PX) was calculated using the 
export prices of the different blends weighted by the 
share of each blend in total production. The share of each 
blend in total production is used as a simple proxy for the 
blend's share in total exports. The weighted price was 
calculated as: 
nn 
PX= 
iEý 
Wi j, Pi j/ 
1E1 
Wij 
where: Wij The quantity produced from blend i in year j 
Pij Export price of blend i in year j 
For example: The average weighted price of oil exports 
in 1965 was calculated as: 
(4560 x 5.192) + (436 x 3.647) / (4560 + 436) 
5.057 £. E/Tonne 
OIL PRODUCTION IN MILLION METRIC TONNES 
Year Year 
1960 3.319 1971 14.952 
1961 3.819 1972 10.720 
1962 4.735 1973 8.479 
1963 5.648 1974 7.472 
1964 6.355 1975 11.400 
1965 6.478 1976 16.756 
1966 6.257 1977 24.075 
1967 5.581 1978 24.417 
1968 8.577 1979 26.598 
1969 12.295 1980 29.446 
1970 16.404 
Source: UN Yearbook of World Energy Statistics 
1950 - 1974 1980 
DEVELOPMENT OF EGYPTIAN CRUDE OIL EXPORT PRICES 
(£. E/Tonne) 
BALAEME GHAREB MOURGAN 
Year BLEND BLEND BLEND 
1960 3.1T8 - - 
1961 3.306 - - 
1962 4.284 3.843 - 
1963 4.405 3.791 - 
1964 4.432 3.652 - 
1965 5.192 3.647 - 
1966 3.861 4.041 4.416 
1967 - 3.596 4.443 
1968 - 4.131 4.282 
1969 - 3.347 4.009 
1970 - 3.598 3.575 
1971 - 3.892 3.533 
1972 - 4.030 3.864 
1973 - 4.195 5.354 
1974 - 25.533 17.802 
1975 - 25.282 26.192 
1976 32.87 26.717 30.802 
1977 34.84 27.959 33.398 
1978 41.94 45.740 74.962 
1979 49.48 82.979 126.642 
1980 52.79 125.58 174.701 
Source: EGPA Official Reports. 
Note : Export prices between 1971 - 1980 were converted from ($/barrel) 
to (£. E/Tonne). 
CRUDE OIL RESERVES IN MILLION BARREL 
Year Reserves Year Reserves 
1951 218.5 1967 2523.7 
1952 202.2 1968 2523.3 
1953 185.9 1969 2849.5 
1954 169.3 1970 2741.7 
1955 485.1 1971 2774.7 
1956 472.5 1972 2707.0 
1957 500.0 1973 3059.6 
1958 568.6 1974 3422.9 
1959 546.7 1975 3363.2 
1960 525.3 1976 3336.7 
1961 1179.7 1977 3319.9 
1962 1153.6 1978 3627.5 
1963 1121.3 1979 3660.9 
1964 1082.6 1980 4059.7 
1965 2134.3 1981 4358.2 
1966 2167.0 1982 4420.2 
Source: EGPA Official Reports. 
PERCENTAGE OF PRODUCTION TO RESERVES (%) 
Year Year 
1951 7.5 1967 1.8 
1952 8.2 1968 3.1 
1953 8.9 1969 3.8 
1954 8.2 1970 5.3 
1955 2.6 1971 5.1 
1956 2.6 1972 4.2 
1957 3.3 1973 3.0 
1958 3.8 1974 2.3 
1959 3.9 1975 3.3 
1960 4.3 1976 3.6 
1961 2.2 1977 4.6 
1962 2.8 1978 5.0 
1963 3.4 1979 5.4 
1964 4.1 1980 5.6 
1965 2.1 1981 5.5 
1966 2.0 1982 5.7 
COMMERCIAL ENERGY CONSUMPTION IN MILLION METRIC TONNE 
OF COAL EQUIVALENT 
Year Year 
1957 5.950 1969 7.455 
1958 6.179 1970 9.162 
1959 6.241 1971 10.051 
1960 7.696 1972 11.174 
1961 7.526 1973 10.791 
1962 7.212 1974 11.712 
1963 8.618 1975 13.339 
1964 9.567 1976 14.338 
1965 9.123 1977 15.748 
1966 9.613 1978 17.304 
1967 8.375 1979 17.894 
1968 9.573 1980 19.857 
Source: UN Yearbook of World Energy Statistics 
1965 - 1974 1980 
ENERGY PRICE INDEX 
(1965 = 100) 
Year Year 
1957 139.6 1969 97.2 
1958 131.3 1970 103.2 
1959 123.5 1971 103.2 
1960 119.3 1972 101.5 
1961 117.9 1973 96.1 
1962 123.7 1974 90.6 
1963 114.1 1975 91.9 
1964 108.1 1976 88.4 
1965 100.1 1977 81.0 
1966 94.0 1978 78.3 
1967 89.6 1979 80.9 
1968 94.7 1980 80.9 
Source: Central Bank of Egypt - Economic Bulletin Several Issues. 
Notes: - The energy price index was calculated as follows: 
1. The wholesale price index of petroleum and fuels was 
transformed to one base year (1965 = 100) 
2. The index was deflated by the general price index 
after transforming it to the same base year (1965 = 100) 
- The Wholesale Price index was not available for 1953. 
It was estimated by applying the 3.1% annual average 
growth rate to the. index number of 1952. 
MAJOR SECTOR'S CONTRIBUTION IN GDP IN MILLION E. E. 
(Current Prices) 
Year Agriculture Industry Transportation 
1957 378.9 194.0 70.8 
1958 385.4 215.2 86.4 
1959 406.4 214.3 108.2 
1960 405.0 256.3 92.9 
1961 402.7 285.6 102.2 
1962 373.0 309.9 116.9 
1963 425.2 350.9 132.7 
1964 475.0 392.3 156.2 
1965 582.1 423.4 176.5 
1966 608.5 461.1 196.6 
1967 612.3 477.4 204.8 
1968 644.4 460.3 115.6 
1969 688.3 503.9 116.3 
1970 771.9 558.5 129.9 
1971 774.1 591.3 144.8 
1972 854.3 556.5 154.2 
1973 1062.2 640.3 165.7 
1974 1279.6 746.2 179.1 
1975 1468.1 887.6 258.4 
1976 1744.2 993.1 400.6 
1977 2037.6 1120.0 490.8 
1978 2285.8 1319.0 688.8 
1979 2687.6 1650.0 894.9 
1980 3427.0 2143.8 1311.0 
Source: UN Yearbook of National Account Statistics 
1968 - 1975 1980 
EGYPT POPULATION IN MILLIONS 
Year Year 
1957 24.09 1969 32.50 
1958 24.66 1970 33.33 
1959 25.24 1971 34.08 
1960 25.92 1972 34.84 
1961 26.58 1973 35.62 
1962 27.26 1974 36.42 
1963 27.95 1975 37.23 
1964 28.66 1976 37.87 
1965 29.39 1977 38.79 
1966 30.1+ 1978 39.82 
1977 30.91 1979 40.98 
1978 31.69 1980 42.29 
Source: IFS Yearbook 1982 
CONSUMPTION OF PETROLEUM PRODUCTS IN MILLION METRIC TONNES 
Year Year 
1957 3.786 1969 4.140 
1958 3.873 1970 5.216 
1959 4.041 1971 5.800 
1960 4.931 1972 6.545 
1961 4.656 1973 6.323 
1962 4.450 1974 6.782 
1963 5.355 1975 7.612 
1964 5.777 1976 8.934 
1965 5.499 1977 9.443 
1966 5.912 1978 10.087 
1967 4.970 1979 10.295 
1968 5.670 1980 12.321 
Source: UN Yearbook of World Energy statistics. 
1950 - 1974 1980 
Consumption of Major Petroleum Products 
1960-1980 (in Million Tonnes) 
Year Gasoline Fuel Oil LPG Kerosene Gas Oil Diesel Oil 
1960 0.276 3.835 0.019 0.736 0.538 0.248 
1961 0.357 3.461 0.025 0.757 0.634 0.253 
1962 0.343 3.225 0.031 0.817 0.696 0.229 
1963 0.573 3.763 0.036 0.853 0.731 0.234 
1964 0.287 4.434 0.051 0.879 0.813 0.241 
1965 0.361 4.172 0.059 0.928 0.876 0.248 
1966 0.257 4.567 0.074 0.959 0.924 0.244 
1967 0.351 3.669 0.068 0.873 0.959 0.222 
1968 0.401 4.387 0.081 0.757 0.989 0.219 
1969 0.446 2.996 0.083 0.788 0.959 0.216 
1970 0.495 3.769 0.103 0.820 0.995 0.181 
1971 0.674 4.026 0.106 " 0.940 1.026 0.162 
1972 0.809 4.349 0.186 0.983 0.054 0.176 
1973 0.961 4.097 0.093 1.033 1.066 1.179 
1974 1.537 3.778 0.091 1.109 1.055 0.168 
1975 1.336 3.536 0.169 1.188 1.179 0.156 
1976 1.479 4.445 0.218 1.255 1.327 0.150 
1977 1.531 4.642 0.258 1.305 1.481 0.149 
1978 1.705 4.598 0.317 1.389 1.706 0.153 
1979 1.804 4.660 0.322 1.446 1.973 0.149 
1980 1.850 5.366 0.335 1.502 2.284 0.144 
Sources: 1. EGPC - Statistical Dept. 
2. EGPC - Oil Magazine - Several Issues. 
SECTORAL CONSUMPTION OF PETROLEUM PRODUCTS IN THOUSAND TONNES 
1975 1976 1977 1978 1979 1980 
Industrial Sector 1305.8 1436.4 1272.4 1289.4 1251.0 1427.1 
Transportation 
Sector 1819.8 2010.8 2239.0 2593.0 2771.4 3219.7 
Agricultural Sector 155.4 182.8 163.6 164.2 160.1 146.3 
Residential Sector 1143.0 1228.0 1302.0 1360.0 1429.0 1504.0 
Electricity Gener- 
ation Sector 1055.0 1250.0 1523.2 1769.9 2314.1 2631.4 
Source: EGPA Official Reports 
Note : Sectoral consumption data was calculated as the sum of the sector's 
consumption from each petroleum product. For example, the Industrial 
sector's consumption data the sum of its consumption of Gas Oil, Fuel 
Oil, Kerosene and Lubricates (all in 1000 Tonne) 
0 
Prices of Petroleum Products 
(in £. E/Tonne) 
Year LPG Gasoline Kerosene Gas Oil Diesel Oil Fuel Oil 
1960 65 114 35 33 28 13 
1961 65 113 34 33 . 27 13 
1962 67 130 35 34 28 14 
1963 66 129 35 33 28 14 
1964 67 124 34 32 27 13 
1965 56 109 30 28 24 12 
1966 63 110 27 43 25 11 
1967 62 110 36 43 25 11 
1968 63 111 48 43 35 11 
1969 61 108 47 42 34 10 
1970 59 105 40 40 33 10 
1971 57 104 38 39 32 10 
1972 56 108 38 38 31 10 
1973 54 112 36 37 30 9 
1974 57 101 33 33 27 8 
1975 52 107 32 30 25 8 
1976 47 97 29 27 22 7 
1977 42 86 26 24 20 6 
1978 38 77 23 22 18 5 
1979 34 92 25 24 20 5 
1980 28 96 21 20 17 4 
Source: EGPC - Official Reports 
ELECTRICITY CONSUMPTION IN MILLION KILO WATT HOWER 
Year Year 
1957 1712 1969 7134 
1958 1905 1970 7591 
1959 2125 1971 8017 
1960 2639 1972 8030 
1961 3723 1973 81o4 
1962 4110 1974 8200 
1963 4178 1975 10386 
1964 5106 1976 12256 
1965 5473 1977 14054 
1966 5895 1978 15150 
1967 6009 1979 16750 
1968 6735 1980 18520 
Source: UN Yearbook of World Energy Statistics 
1950 - 1974 1980 
Sectoral Consumption of Electricity 
(in Million K. Wh) 
Year Industry Agriculture 
1970 3747 497 
1971 3804 552 
1972 3075 594 
1973 3349 685 
1974 3789 684 
1975 4805 677 
1976 5847 671 
1977 7180 698 
1978 7553 697 
1979 7800 720 
1980 10250 760 
Residential Public Utilities 
and Construction 
477 829 
514 948 
551 1094 
658 1283 
741 627 
849 1733 
998 1917 
1110 2219 
1348 2776 
1570 3250 
1795 3550 
Source: Ministry of Electricity and Energy. 1982 
r 
AVERAGE PRICE OF ELECTRICITY IN MILLEUM 
PER KILO WATT HOWER 
Year 
1967 6.4 
1968 6.3 
1969 6.5 
1970 6.4 
1971 6.9 
1972 7.4 
1973 7.5 
1974 7.3 
1975 8.9 
1976 8.6 
1977 8.0 
1978 8.7 
1979 7.4 
1980 7.56 
1981 7.4 
Source: Computed from Annual Electricity statistics 
for 1978 and from Information by EEA. 
PRODUCTION OF ELECTRICITY IN MILLION KILO WATT HOWER 
Year Year 
1950 881 1966 5895 
1951 870 1967 6009 
1952 978 1968 6735 
1953 1200 1969 7134 
1954 1246 1970 7591 
1955 1422 1971 8017 
1956 1544 1972 8030 
1957 1712 1973 8104 
1958 1902 1974 8200 
1959 2125 1975 10386 
1960 2639 1976 12256 
1961 3723 1977 14054 
1962 4110 1978 14500 
1963 4178 1979 14800 
1964 5106 1980 18820 
1965 5473 
Source: UN Yearbook of World Energy statistics 
1950 - 1974 1980 
APPENDIX B 
SIMULATION RESULTS 
C! wth Rate Aeeumvtlone (1981-1987) 
I- Export price of crude oil 
2. Rate of oil depletion 
3. Disposable income 
4. Crude oil reserves 
5. Domestic energy prices 
6" Population 
7. Output of the industrial sector 
Sieuletion Results (1987) 
1" Annual growth rate in GDP 
2. Annual growth rate in (GDP) per capita 
3. Annual growth rate in total investment 
4" Annual growth rate in investment in non-energy sectors 
3" Annual growth rate in oil exports 
6. Energy balances 
Energy demand (Million Tonne. ) 
Oil production (Million Tonne. ) 
Electricity supply (Million K. Wh. ) 
The balances surplus (+) or deficit (-) (Million Tonne. ) 
SCENARIO SCENARIO SCENARIO SCENARIO SCENARIO SCENARIO SCENARIO SCENARIO SCENARIO SCENARIO SCENARIO SCENARIO SCENARIO SCENARIO SCE! ARIO SCENARIO SCENARIO 
(10) (11) (12) (13) (14) (15) (16) (17) 
SCENARIO SCENARIO SCENARIO SCENARIO SCENARIO SCENARIO 
(18) (19) 20 
--L212_ 
22 2 3 
1% 2% 1.5% - - 2% 1% 2% - 
1% 1% 1.5% 2% 2% 1 1.5% 1% 2% 1% - - - 
2% 5.4% 2% 2% 3% 2% 5.4% 2% 5.4% 2% 2% 3% 5.4% 5.4% 2$ 3% 5.4% 2% 5.4% 3% 5.4% 2% 3% 
3.5% 8% 5% 3.5% 5% 3.5% 8% 3.5% 8% 8% 5% 5% 8% 8% 3.5% 5% 8% 3.5% 8% 5% 5% 5% 5% 
8% 12% 12% 8% 10% 12% 10% 10% 12% 8% 10% 12% 8% 12% 8; 10% 12% 12% 12% 10% 10% 8% 10% 
- - 10% 10% 15% lox 30% 30% 30% 10% 10% 15% 30% 30% lOZ ! 
15% 15% 15% 10% - - - 10% 
1.8% 2% 2% 2.5% 2.5% 2.5% 2.5% 2.5% 2% 2% 1.8% 2.5% 1.8% 2.5% 2.5% 2% 2% 1.8% 2.5% 2.5% 2.5% 2% 2.5% 
4% 9.5% 5% 4% 5% 4% 9.5% 4% 9.5% 5% 4% 5% 9.5% 5% 42 5% 9.5% 4% 9.5% 5% 4% 5% 4% 
2.8% 7.3% 4.4% 2.8% 4.3% 3% 7.6% 3.4% 7.5% 7.2% 4.3% 4.4% 7.6% 
7.6% 2.9% 4.4% 7.32 3.1% 7.2% 4.2% 4.2% 7% 4.2% 
2.1% 6.1% 3.3% 1.3% 2.8% 1.5% 5.8% 1.9% 6.2% 6.0% 3.5% 2.9% 6.6% 5.8% 1.4% 
3.4% 6% 2.3% 5.5% 2.6% 2.6% 3.1% 2.6% 
6.8% 10% 7.9% 6.7% 7.8% 7% 10.3% 7.2% 10% 10% 7.8% 7.9% 10.4% 10.4% 
6.3% 7.9% 10% 6.9% 10% 7.7% 7.7% 7.7% 7.72 
0.6% 0.8% 1.4% 0.2% 0.5% 2.1% 4% 5.3% 3.1% 0.3% 0.9% 2% 4.7% 4.7% 
1.2% 1.9% 0.9% 2.6% 0.4% -0.6% -0.6% -0.6% -0.5% 
0.7% 1% 1.8% 0.3% 0.7% 2.8% 5.1% 6.8% 4.1% 0.4% 1.2% 2.5% 6% 6% 1.5% 2.5% 1.2% 
3.4% 0.5% -0.8% -0.8 -0.9% -0.7% 
23.345 27.540 21.816 20.441 19.335 20.636 7.561 3.570 7.473 24.619 21.765 19.476 7.656 7.661 20431 19.474 22.284 18.294 24.629 24.490 24.494 24.486 24.289 
39.882 52.972 42.399 37.123 39.305 41.278 31.869 22.942 33.909 41.092 40.228 41.562 30.113 34.087 37.209 39.436 47.980 39.054 50.207 44.202 47.956 40.966 44.011 
26705 34606 28087 27330 28537 27330 35055 27330 34606 28087 26705 28537 34430 28537 273 0 28087 34606 26705 35055 28537 27330 28087 27330 
+23.213 +34.084 +27.605 +23.515 +27.104 +21.475 +33.072 +26.205 +35.088 +23.495 +25.139 +29.220 +31.065 +33.560 +23. $11 +26.984 +34.348 +27.436 +34.342 +26.846 +30.295 +23.502 +26.555 
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